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Urbanization offers unique challenges for wildlife. The urban landscape is fragmented
and changes available resources for wildlife. Human-dominated landscapes can provide food,
shelter, or cover through human-subsidized resources. However, to thrive in human-dominated
landscapes, wildlife must adapt or disperse, otherwise they will die. In this study, I investigated
how the urban landscape and human behavior influence urban wildlife occurrence. I established
35 camera sites during April 2020. I surveyed residential property dwellers around each camera
site to determine what behavior they performed that could increase species occurrence. Gray fox
and coyote site use decreased with increased isolation while no species responded to patch area.
Almost all species investigated responded to attractants but not all showed a positive response.
Although number of survey participants was small, site use by wildlife tended to increase with
owning a bird feeder and putting out trash the day before pickup.
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CHAPTER I
URBANIZATION AND WILDLIFE
Introduction
Human-dominated landscapes and human behaviors can modify wildlife occurrence and
increase human-wildlife interactions (Soule 1991, McKinney 2002, Markovchick‐Nicholls et al.
2008, Curtis and Hadidian 2010). The degree to which habitat change and human behavior are
correlated or individually influence the occurrence of different species is still in question (Gill et
al. 2001, Fisher and Lindenmayer 2007, McCleery et al. 2014). Thus, it is not possible to know
how changing human behavior or altering human-dominated landscapes might mitigate humanwildlife conflicts.
Urbanization Effects on Wildlife
Habitat loss and fragmentation can affect wildlife species responses in increasingly urban
environments. For instance, some species more easily adapt to associated changes while others
are forced to disperse and risk reduction of their fitness (Guneralp and Seto 2013, MarkovchickNicholls et al., 2013, Wong and Candolin 2015), and ultimately lead to urban extirpation
(Woodroffe 2000). Early investigations into wildlife responses to urbanization were rooted in
island biogeography theory (MacArthur and Wilson 1967). Island biogeography theory predicts
species richness increases as the island area increases based on species-area curves (Simberloff
and Abele 1976, Ovaskainen and Hanski 2003, Fahrig 2003, Drakar et al. 2006, Prugh et al.
2008), but decreases with increased isolation from other islands as species are less likely to
1

colonize and replace species that are extirpated (MacArthur and Wilson 1967). Patches of habitat
within an urban matrix can be viewed as islands of various sizes and isolation distances, and
many studies have attempted to measure urban wildlife responses based on these features (Davis
and Glick 1978, Crooks and Soule 1999, Thomas et al. 2001, Ferraz et al. 2007, Prugh et al.
2008). While results of some studies supported the hypotheses outlined by Island Biogeography
Theory, others were often conflicting or inconclusive, suggesting compensatory or interactive
factors produce more nuanced and situationally dependent responses.
In response to conflicting findings of Island Biogeography Theory, researchers have
recognized the importance of the entire urban landscape context in predicting wildlife responses
to urbanization (McDonnell et al. 1990, Fahrig 2003, Fisher and Lindenmayer 2007). Urban
patches are not directly analogous to islands because the interstitial matrix can provide varying
levels of resistance, or even additional resources (Davis and Glick 1978, Hanski et al. 2000,
Fleishman et al. 2002). Thus, it is more common now for researchers to describe urban patches
based on size and isolation, and where they occur along urban-wildland gradients. This allows us
to more accurately describe the intensity of impacts from the highly developed urban center to
the less developed sprawling suburbs and rural landscapes expected to contain a less hostile
matrix (Pickett et al. 2001, Hansen et al. 2005, McKinney 2006, McDonnell and Hans 2008).
Urban patch size can influence species richness in several ways (Hobbs 1988, Fahrig
2003, Prugh et al. 2008). Larger patches are often more heterogeneous in habitat structure and
available resources. Conversely, smaller patches may be more degraded and limited in resources,
reducing the number of individuals supported and intensifying competition (MacArthur and
Wilson 1967, Schuler et al. 2017). Additionally, individuals of some species require much more
habitat than what may be available in a single urban habitat patch, forcing those animals to move
2

throughout the matrix and incorporate multiple urban patches within a single home range and
requiring some tolerance to the interstitial matrix (Hanski and Ovaskainen 2000, Fisher and
Lindenmayer 2007).
The ability of individuals to move daily or disperse among urban patches is dependent on
landscape connectivity. Connectivity can be defined as structural or functional, with the former
describing the physical composition of habitat patches and degree of isolation, while the latter
describes how that physical composition affects an animal’s ability to move throughout the
landscape (Tischendorf and Fahrig 2000). Several features of urban matrices can impede
connectivity including roads, human structures or modified habitats, and human activity or
presence as a deterrence to movement (Shepard et al. 2008, Delaney et al. 2010). Roads and
human modified habitats can act as direct barriers when species are highly susceptible to road
mortality or avoid roads, restricting access to resources and reducing gene flow among
populations (Riley et al. 2003, Shepard et al. 2008, Delaney et al. 2010, Holderegger and Di
Giulio 2010, Simmons et al. 2010, Sawaya et al. 2014). However, functional connectivity
depends on the context and the species, even within guilds of similar species. Carnivore
diversity, evenness, and species richness decreased in northern Wisconsin with an increase in
human structures reflecting differential responses to urbanization (Haskell et al. 2013). Larger
mammalian predators, such as coyotes, were detected more in low-developed residential
landscapes while smaller mammals, such as raccoons, were detected more in high-developed
residential landscapes. Developed landscapes provide less resistance for raccoons than coyotes
(Haskell et al. 2013).
Human behavior can have both negative and positive impacts on wildlife beyond those
imposed directly by habitat alterations. Optimal foraging theory predicts that animals will
3

minimize their time spent obtaining a fixed amount of energy and maximize their energetic gain
while accounting for potential risks, such as predation or disturbance (MacArthur and Pianka
1966, Schoener 1971, Pyke et al. 1977). Animals must determine whether their desired resource
is worth the perceived risk or if it is safer to continue foraging elsewhere (Sih 1980, Fraser and
Huntingford 1986). Human behaviors can challenge a species’ trade-off between obtaining
energy and avoiding predation. Humans are often perceived as a predation risk for many species,
causing animals to avoid areas that are human dominated (Frid and Dill 2002, Bonnot et al.
2017). However human-subsidized resources can provide wildlife species with consistent food
and alter the way the human-dominated landscape is used (McKinney 2002, Prange et al. 2004,
Prange and Gehrt 2014, Newsome and Eeden 2017).
Human-subsidized resources can influence spatial distribution, predator-prey dynamics,
and population density of wildlife species (Gehrt and Riley 2010, Lowry et al. 2013, Murray et
al. 2015). Subsidies can be diverse and numerous including shelter within human-dominated
areas, refuge from predators that avoid humans, and allochthonous food resources including
refuse, domestic pets and outdoor feeding, garden plants, birdseed and synanthropic prey, and
roadkill (Contesse et al. 2004, Williams et al. 2006, Bateman et al. 2012). Wildlife species can
become reliant on human food sources, typically to the ultimate detriment of the population or
resulting in overabundance and increased interactions with humans and wildlife damage
(Beckmann and Lackey 2008, Curtis and Hadidian 2010, Oro et al. 2013, Murray et al. 2015,
Newsome et al. 2017). Haskell et al. (2013) reported white-tailed deer (Odocoileus virginianus)
were detected more in highly developed landscapes compared to less developed landscapes and
attributed findings to increased food resources from human-subsidized food resources. In
northeastern Illinois, raccoons have decreased home range sizes in urban areas compared to rural
4

and suburban areas due to anthropogenic resources that allowed urban raccoons to meet
physiological needs in smaller areas (Prange et al. 2004, Greenspan et al. 2018, Mitsuhashi et al.
2018, O’Donnell and delBarco-Trillo 2020). However, human-subsidized food resources can
also exacerbate human-wildlife conflict (Newsome et al. 2015, Wong and Candolin 2015,
Newsome and van Eeden 2017) and species that become habituated to humans are commonly
perceived as a public nuisance (Newsome and van Eeden 2017).
Factors Affecting Species-specific Responses to Effects of Urbanization
Species-specific responses to urbanization, fragmentation, and resource subsidies depend
on the life history of the animal (Wong and Candolin 2015, Keinath et al. 2017, Santini et al.
2019). Wildlife species vary in their ability to adapt to urban-wildland gradients and these
responses may be predicted by several interrelated factors (Henle et al. 2004, Hendry et al. 2008,
Candolin and Wong 2012, Sih 2013, Wong and Candolin 2015, Keinath et al. 2017). Responses
may be governed by physical attributes (body size and degree of mobility), ecology (home range
size, trophic position, conspecific interactions, and degree of specialization), and individual
behavior (tolerance to change), but all of these factors are also interconnected (e.g., home range
size is frequently correlated with body size; Burt 1943, Gittleman and Harvey 1982, Powell and
Mitchell 2012, Walton et al. 2017).
Physical Attributes
Large-bodied animals are typically more sensitive to urban fragmentation compared to
smaller-bodied animals (Simberloff 1998, Purvis et al. 2000, Crooks 2002, Keinath et al. 2017).
Large-bodied animals often require greater amounts of food resources to support caloric needs
and therefore small habitat fragments often cannot support a population of large-bodied animals
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(Gittleman and Harvey 1947). The four largest species of 11 mammalian predators in southern
California (American badger, Taxidea taxus; bobcat, Lynx rufus; coyote, Canis latrans; and
mountain lion, Puma concolor) declined in relative abundance or activity with increased
fragmentation and habitat isolation while medium- sized species (domestic cat, Felis catus; gray
fox, Urocyon cinereoargenteus; Virginia opossum, Didelphis virginiana; North American
raccoon, Procyon lotor; and striped skunk, Mephitis mephitis) increased (Crooks 2002).
However, the two smallest species (long-tailed weasel, Mustela frenata; and western spotted
skunk, Spilogale gracilis) also declined suggesting the relationship is influenced by more than
body size alone. Western spotted skunks are habitat specialists (Neiswenter and Dowler 2010)
and long-tailed weasels generally occur at low densities (Richter and Schauber 2006),
characteristics that may increase susceptibility to extirpation in response to any perturbance
including fragmentation.
If animals can move between patches of habitat, even large-bodied animals may still be
able to persist in fragmented landscapes (Thomas 2000, Crooks 2002, Gehring and Swihart 2003,
Chace and Walsh 2006, Devictor et. al. 2007, Öckinger et. al. 2010, Schleicher et. al. 2011, Slade
et. al. 2013, Concepción et. al. 2015). Habitat connectivity and corridors can facilitate individual
movement, dispersal, and geneflow across urban landscapes (Braaker et al. 2017) increasing an
individuals’ fitness (Levins 1969, Hanski 1999, Reed 2004). Species with different dispersal
capabilities respond differently to urban landscapes. For example, white-footed mice had smaller
dispersal distances compared to big brown bats resulting in reduced gene flow and inbreeding in
Providence, Rhode Island (Richardson et al. 2020).
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Species Ecology
Home range size in a contiguous landscape depends on available habitat, individual life
stage, and intra- and interspecies interactions (Börger et al. 2008); urban fragmentation can
disrupt these processes. Home range is defined as an area that an individual frequents in its daily
activities to find food, reproduce, and raise young (Burt 1943). In fragmented habitats,
species have been shown to increase their home range size when patch size decreases and they
must travel more to acquire adequate resources (Gehrt and Riley 2010). Animals can also
increase home range size to avoid interactions with humans (Grubb and Doherty 1999, Riley et
al. 2003, Gehrt et al. 2009). Alternatively, if animals are able to exploit subsidized
resources, home range sizes can decrease while population densities increase (Hansen et al.
2020).
Population densities of species are a function of trophic position (Hairston et al. 1960)
and this phenomenon is heightened in urban environments (McCleery et al. 2014). Primary
consumers are most abundant in urban landscapes benefiting from intentional and unintentional
feeding by humans (Adams 1994, Oro et al. 2013). Some primary consumers can benefit from
predator avoidance of human-dominated areas (Carpenter et al. 1985, Terborgh et al. 2001,
Eotvos et al. 2018). Alternatively, hyperabundance of prey could increase attraction to predators
that can tolerate human presence and decrease prey densities (Paine 1969, Prugh et al. 2009,
Eotvos et al. 2018). Predator-prey dynamics in urbanized areas differ from dynamics occurring
in other landscapes (Fischer et al. 2012). A trade-off exists between accessibility of food and
predation risks (Tigas et al. 2002, Laundre et al. 2010). Some carnivorous species (e.g., mountain
lions) with higher trophic position require adequate prey availability with minimal human
disturbance to avoid conflict with humans, resulting in a reduced presence in urban
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landscapes (Riley et al. 2014). When top predators are lost in urban landscapes, smaller predator
abundance or activity can increase (“mesopredator release”; Crooks and Soule 1999) because
they are generally omnivorous and opportunistic with prey selection making them better
equipped to exploit subsidized resources in urban settings (Iossa et al. 2010, Prange et al.
2003, Riley 2006, Gehrt et al. 2009, Ellington and Gehrt 2019).
Generalists tend to thrive in urbanized landscapes whereas specialists are
more encumbered (Prugh et al. 2009), but land use changes can also benefit certain specialized
characteristics. Species can be specialized in several ways including diet and predation style, but
also means of avoiding predation. Successful urban species can exploit human- subsidized food
including fruits, seeds, refuse, and carrion in their diet (Adams 1994, McKinney 2002, Bateman
and Fleming 2012). Habitat generalists and those adapted to evade predators in open
environments persist where specialist requiring complex habitat structure to avoid predators do
not (McKinney 2002, Öckinger et. al. 2010). Thus, specialist species with narrow niche breadth
are more likely to become locally extirpated if conditions are limiting, whereas generalists are
more able to adapt (Leibold et al. 2004, Tews et al. 2004, Concepción et. al. 2015).
Direct competitive interactions among species can influence their distributions and
resource use in urban areas (Creel et al. 2001). Urbanization fragments the landscape and
decreases overall available habitat (Fahrig 2013), intensifying competition among species using
the same remnant fragments (Lewis et al. 2015). Species can shift their behavior to avoid human
disturbance, increasing diel activity overlap among species (Crooks et al. 2010, Riley et al. 2010,
Tracey et al. 2013). Competition can result in niche partitioning to avoid conflict with other
species (Schoener 1983, Carothers and Jaksić 1984, Albrecht and Gotelli 2001, Kronfeld‐Schor
and Dayan 2003). Larger species can highly affect subordinate species through asymmetrical
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competition (Persson 1985, Schoener 1983, Martin and Bonier 2018). Subordinate species can
also use competition refuges (e.g., using human structures as dens) to avoid dominant species
(Durant 1998, Berger and Gese 2007).
Species Behavior
In urban landscapes, species must be able to tolerate sometimes drastic habitat alterations
and increased human activity. Factors including flexibility in resource requirements (generalists)
and greater mobility allow species to be more tolerant to change (Sorace et al. 2009, Jung et al.
2018) as individuals can adapt to find shelter, food, and breeding sites in novel environments
(McKinney 2002, Lowry et al. 2013). In addition, species with lower risk aversion and smaller
fear responses will be more able to adapt to urban environments (Stillfried et al. 2017). For
example, studies have found that raccoons and striped skunks exploit urban landscapes (Prange
et al. 2004, Hadidian et al. 2010, Haskell et al. 2013) and readily utilize anthropogenic resources,
such as refuse for food and human structures for dens (Gehrt 2003, Hadidian et al. 2010).
Raccoons are also suggested to be relatively unaffected by urban development and are more
abundant than other mesopredators in the urban landscape (Crooks 2002, Prange et al. 2004,
Prange and Gehrt 2004).
Species can be classified into three categories along the urban-wildland gradient based
on the suite of the characteristics described above: urban avoiders, urban adapters, and urban
exploiters (Bonier et. al. 2007, Sol et. al. 2014, Palacio 2020). Overall, urban avoiders typically
rely on natural resources and are sensitive to human disturbance (Prugh et al. 2009, Palacio
2020). Urban adapters use subsidies and enhanced natural resources in urban areas (Blair 1996,
McKinney 2002, Prange et al. 2003). Urban exploiters rely almost entirely on human subsidies
and are well adapted to modified urban environments (McKinney 2002, Palacio 2020).
9

Not All Urban Areas Are the Same
Most urban wildlife studies have occurred in highly urbanized areas of the United
States and focus on single, extreme urban environments (Figure 1. 1). Cities like Chicago, San
Diego, and New York cover large geographic areas with topographic variation, contain varying
types of built environments, and have dense populations of humans and high percentages of
impervious surface. Conditions for wildlife in these cities are extreme and researchers would
expect to find different outcomes in smaller urban areas along an urban-wildland gradient.
Jackson, Mississippi is the largest urban center in Mississippi, but the
population is much smaller than the areas previously mentioned (Table 1. 1). Further,
we would expect wildlife responses to differ in the southeast with less
intensive fragmentation and regional habitat. For instance, we expect different wildlife
communities in Jackson, Mississippi (rural surrounding landscape context and mild climate),
compared to the Chicago metropolitan statistical area (large percentage of human development
and prairie; Randa and Yunger 2006) and San Antonio and Austin metropolitan statistical
areas (large percentage of human development, forest, and agriculture; Haverlard and Veech
2017).
To investigate wildlife response to the urban landscape, I developed a study to evaluate
island biogeography theory predictions for urban mammal species occurrence in response to and
along an urban-wildland gradient, as well as identify how human behavior and resulting
subsidies can change wildlife responses to urbanization. I expected landscape configuration and
urban features to have a negative effect on species with higher trophic positioning, larger home
ranges, and less tolerance to change. I also expected human behavior that increase available
resources to have a positive effect on species that are more tolerant to change.
10

Methods
Study Area
This study was conducted in the Jackson, Mississippi metropolitan statistical area, which
serves as the capitol of Mississippi, with a human population density of 1,441 people per square
mile. Jackson, Mississippi is located in the central region of Mississippi and sits along the Pearl
River. It consists of the south-central hills, loess hills, and a small portion of the Jackson prairie.
The area also consists of mainly of old Loblolly pine (Pinus taeda), shortleaf pine (Pinus
echinata), and oak forests. There are also sparse forests of oak (Quercus spp.), hickory (Carya
spp.), magnolia (Magnolia spp.), and poplar (Populus spp.). Jackson, Mississippi has a humid
subtropical climate, with rainfall all throughout the year. The driest time of the year occurs
during late summer and early autumn, with September being the driest month; April is the
wettest month, with 14.1 cm of precipitation on average. The average amount of annual
precipitation is 137.50 cm. The coldest months occur during late winter, having an average
maximum temperature of 32.7oC, and are cool during late spring, having average temperatures
between 20oC degrees and 25oC. Jackson is also home to numerous wildlife species.
Mammalian species include bobcats, coyotes, striped skunks, white-tailed deer, raccoons,
opossums, armadillos, nutria, moles, voles, shrews, river otters, rabbits, squirrels, muskrats, and
other numerous rodent species. The study area spans throughout three counties: Hinds, Rankin,
and Madison (Figure 1. 2).
Study Design
Using the Urban Wildlife Information Network (UWIN) protocol (“Urban Wildlife
Information Network Study Design” 2021), camera sites were located at cemeteries, golf
courses, parks, and green spaces. Following the protocol, I placed camera traps along two
11

perpendicular transects that run along the urban-wildland gradient of the Jackson metropolitan
statistical area. The urban-wildland gradient, or all types of greenspaces within the city (“Urban
Wildlife Information Network Study Design” 2021), was determined using freely available land
cover data through QGIS 3.8 (QGIS Development Team 2019). The first transect ran parallel to
Interstate 55, and the second transect ran parallel to Interstate 20. Each 30 km transect was
segmented into six 5000 m green space segments, a standard of operations through the UWIN
protocol. Within each segment, I generated five random points using QGIS. I selected my
camera trap locations closest to the points within the green spaces, realizing that some
landowners were specific on where the camera can be located. Each camera trap was placed
within 2000 m of the transect and at least 1000 m away from the next camera trap (“Urban
Wildlife Information Network Study Design” 2021). I used the 35 camera traps deployed during
the month of April 2021.

Camera trap images were processed using the UWIN protocol to identify species in each
photograph by volunteers and the research team using the UWIN database. A Mississippi
Extension professional presented training to volunteers through the UWIN manual. This training
involved a thorough summary of UWIN, the purpose and methods of the study, the protocol to
set up, replace, and pick up trail cameras, the UWIN database, how to identify wildlife species
through trail camera photos, and how to tag photos using the UWIN database (“Urban Wildlife
Information Network Database Manual” 2021, “Urban Wildlife Information Network Study
Design” 2021).
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Field Methods
Remote cameras
I deployed one digital remote camera (Bushnell E3 trail camera® [16.0 megapixels],
Overland Park, Kansas) with passive infrared sensors and incandescent flash illumination at each
camera site with the general intent to detect mesomammals using green spaces along the urbanrural gradient. Cameras were placed facing North or South cardinal directions to avoid excessive
sun exposure that results in excessive false triggers and poor image quality (Brown and Gehrt
2009). I placed cameras within a steel camera security box equipped with a camera strap. The
exact placement of the camera security boxes on each tree was marked by drawing an “x” on the
tree using a red lumber crayon. This assured that each camera was placed in the exact same
location every season. I secured the camera security boxes to trees approximately 0.91 m off the
ground with a cable cord and cable lock. The cable cord was fed through the holes on the side
and the door hole of the camera security box then tightened around the tree before being fed
through the cable lock. I placed a small stick (≤ 0.3 m diameter) behind the top of every camera
security box to angle the camera slightly down to reduce the chance of capturing human faces
and increase the ability to detect small mammals traveling low to the ground. I recorded
Universal Transverse Mercator (UTM) coordinates of each camera site and set cameras to
capture single photographs per detection and be active 24 hours each day with a 30-second delay
between photographs. I visited camera sites during the second week of deployment to check
cameras, change batteries and memory cards and removing any vegetation blocking the camera
views. I removed cameras after the four-week session (“Urban Wildlife Information Network
Study Design” 2021).
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Fine-scale habitat and Landscape characteristics
I modified fine-scale habitat attribute assessment protocol from a study conducted in
Belize about carnivores and habitat use (Davis et al. 2011). I established three 30-m transects
extending zero degree, 120-degree and 240-degree direction from each camera to measure
habitat attributes at a local scale. I recorded canopy cover as present or absent every 5 m along a
transect using a “canopy tube” with cross hairs. The canopy tube was 15.5 cm long and had a
diameter of 5 cm. I pointed the tube directly up and aligned the washer with the crosshairs and
recorded a zero if there was no canopy present at the cross hairs, and a one if there was, noting if
it was hard mast or soft mast and reported the proportion of hard and soft mast trees for each
camera site. I recorded anthropogenic and natural resources within eye’s view at the 30m point
of the transect, as well as any resources along the transect, and measured the direction using a
compass and the distance from the transect point using a range finder (Vortex Impact 1000
Range Finder® [6x magnification], Milwaukee, Wisconsin). Potential natural and anthropogenic
resources included trash cans, gardens, bird feeders, domestic pet food, tree cavities, abandoned
structures and water sources (ponds, lakes, reservoirs, creek, river, pools, bird baths, ditches,
irrigated recreational fields) (Table 1. 2).
Each potential resource was categorized as an attractant, deterrent, food, shelter, cover, or
water specifically for each species (Appendix A). To sample understory density, I established
16-mlong transects centered on 15 m and running perpendicular to the 30-m transects. At 2 m
intervals (starting 1 m perpendicular to the canopy transect), I dropped a 2 m long pole and
recorded whether there is physical contact with vegetation (recorded as live or dead) in three
height intervals (0-0.5 m, 0.5-1.0 m, and 1.0-2.0 m) above the ground. I also noted the ground
cover as soil, woody debris, leaf litter, water, and rock at each point (Appendix B). I reported the
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percentage of ground cover and understory density for each camera site. At the landscape scale,
each camera site existed within a patch of greenspace with different attributes and surrounding
context that can influence local site use by wildlife. I measured landcover attributes within 20%
home range buffers, which is considered the core home range use area, for each species around
each camera site to represent local site use using existing Geographic Information Systems (GIS)
data (Lesmeister et al. 2015) (Appendix C). I collected parcel data shapefile layers for Hinds
(Hinds Ownership Map 2014), Rankin (Rankin Parcel Viewer 2017), and Madison (Madison
Parcel Viewer 2014) counties in Mississippi that were provided by each county’s public record
and digitized polygons for patches containing camera sites and those immediately around each
camera site. The boundaries of each patch polygon were defined by paved roads and adjacent
parcels that consisted of houses. All parcels adjacent to the focal parcel were included in the
patch if there were no human residences present in the aerial photograph. I included parcels with
non-residence human structures such as restroom facilities at parks and businesses in parcels that
abutted the focal greenspace within the polygon because I assumed there would not be human
activity in these structures to deter wildlife activity overnight, but I did account for their presence
in covariates. I digitized around unoccupied buildings and waterbodies so those were not
included in the total area of the patch polygon. All parcels were compared to existing google
maps data to correctly create boundaries for up-to-date infrastructure.
I used covariates (Table 1. 3) including patch area, patch isolation, number of patches,
number of houses, number of businesses, density of roads, and density of waterways to
investigate how they affect each species. I measured the density of roads (Mississippi Geospatial
Data Catalog, 2021) within the core home range use area for each species (Appendix C). Using
the Mississippi Digital Earth Model (MDEM) non-coastal flowlines hydrology shapefile from
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the Mississippi Geospatial Data Catalog (Mississippi Geospatial Data Catalog 2021), I measured
the density of waterways within the core home range use area for each species. I used an address
list purchased from Postage Savers, located in Jackson, Mississippi, to calculate the number of
houses and businesses within each buffer. This address list included houses and businesses
within a 0.7 km distance from the camera site polygons. Each address was geocoded using the
United States Census Bureau geocoder to determine the coordinates of each address (U.S.
Census Bureau 2021). The coordinates were then plotted into ArcGIS (ESRI Inc. 2020). I
extracted every address that fell within each species’ core home range use area to calculate the
number of houses in the area. I used Program R to calculate the area of each camera site patch
polygon and its distance to the nearest green space patch polygon. Using the National Land
Cover Database (NLCD) 2016 raster, landcover types were plotted within each species’ core
home range use area around each camera site. I categorized the landcover classifications as
either habitat (deciduous forest, evergreen forest, mixed forest, shrub/scrub,
grassland/herbaceous, pasture/hay, cultivated crops, woody wetlands, and emergent herbaceous
wetlands) or non-habitat (developed-open space, developed- low intensity, developed-medium
intensity, developed-high intensity, open water, and barren land). I used clumpy (Hesselbarth et
al. 2019), an aggregation metric used to group adjacent landscape classes, to calculate degree of
heterogeneity of each camera site polygon within the camera site greenspace. Finally, I
calculated the area of each camera site polygon (area) and the distance to the nearest green space
(isolation) to assess the Island Biogeography Theory in a fragmentation context.
Statistical Analyses
I downloaded occupancy reports from the UWIN network for the date range of April 1 to
April 30, 2021 and imported it into Program R (R Core Team 2021) to format for use of
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RPresence (MacKenzie and Hines 2021). I performed single-season occupancy models
(MacKenzie et al. 2002) to investigate how occupancy for each species changed with
anthropogenic resources and habitat composition. I divided the occupancy report into five-day
occasions for a total of six occasions within the month for repeated opportunities for detection. I
created a candidate set of models to assess hypotheses regarding factors that may influence
different species site use (Table 1. 3).
Covariates for candidate models included number of houses, amount of anthropogenic
food, amount of natural food, count of attractants, count of deterrents, amount of available hard
mast, amount of available soft mast, cover, prey cover, degree of isolation from next nearest
patch of greenspace, area, and degree of heterogeneity in camera site greenspaces (Table 1. 4).
Specific covariates varied by species due to the species’ diet and foraging behavior (Appendix
D). For example, bird feeders were classified as food for Eastern gray squirrel but as attractants
for red fox. This is because Eastern gray squirrels readily utilize bird feeders as a food source,
while bird feeders attract red foxes because their prey readily feed from bird feeders.
Human Behavior Surveys
To identify how human behaviors might influence wildlife species occurrence, I surveyed
Nuisance Wildlife Control Officers, Animal Control Officers, and United States Department of
Agriculture-Animal and Plant Health Inspection Service Wildlife Services employees in the state
of Mississippi. This survey allowed me to identify species and human behaviors that are
commonly reported in human-wildlife conflict in Jackson. Results from this survey were used to
design a survey to be sent to residential property dwellers and to quantify behaviors highlighted
by the respondents in the survey of wildlife damage professionals. Residential property dwellers
that lived within the average distance of two urban blocks in Jackson, Mississippi (321.87 m)
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around the camera site greenspaces were surveyed to quantify what behaviors they perform that
could contribute to increased or decreased wildlife activity (Appendix E and Appendix F). This
distance was chosen because residential property dwellers that lived closer to the camera sites
would be directly influencing the occurrence of wildlife species at the camera location rather
than residential property dwellers that lived further. Behaviors that I evaluated include: putting
trash out the day before pickup rather than the morning of pickup, owning a bird feeder, having a
privacy fence around the property, having a protective barrier around trash to prevent stray
animals or wildlife access, having planted a vegetable garden, leaving food out for stray cats and
dogs, leaving food out for various types of wildlife, calling animal control about wildlife
problems, and investigating wildlife resistant plants for placement on property.
Results
I detected a total of 674 animals during the month of April 2021 (Appendix G). There
were 286 Eastern gray squirrel detections, 117 raccoon detections, 107 white-tailed deer
detections, 61 red fox detections, 59 Virginia opossum detections, 17 armadillo detections, 11
coyote detections, eight gray fox detections, five Eastern cottontail detections, and two bobcat
detections. There were no detections of fox squirrels or striped skunks during the survey.
There were 11 coyote detections at five sites including two cemeteries, two golf courses,
and a natural area (Figure 1. 3), which are large (> 71 ha). There was little support for model
covariates describing site use for coyotes (Table 1. 5), and only six models received greater
support than the null (intercept-only) model (ΔAICc = 2.53, wnull = 0.08). Coyote site use was
best described by any food (ΔAICc = 0) and anthropogenic food (ΔAICc = 0.79). However, the
relationship for both was negative, contrary to my predictions (βanyfood= -2.00, standard error =
1.39 and βanthfood = -1.74, s.e. = 1.25) and suggests site use decreased with greater availability of
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food resources (Figure 1. 4). Four more models showed weak support greater than the null model
describing no relationship between coyote site use and covariates. Degree of heterogeneity
(ΔAICc = 1.43) had a positive relationship with coyote site use (wheterogeneity = 1.43, βheterogeneity =
1.11, s.e. = 0.71), meaning that coyote site use increased with increasing heterogeneity. Amount
of available hard mast (ΔAICc = 2.52) and low cover (ΔAICc = 2.47) received equal Akaike
weights as the null (w = 0.10 for both), and degree of isolation to next nearest greenspace
provided minimal improvements (wisolation = 0.1, βisolation = -2.13, s.e. = 2.16) (Table 1. 5).
However, greenspace area (ΔAICc = 3.76) and area + isolation (ΔAICc= 4.21) did not improve
model fit over the null model (Table 1. 5).
There were seventeen armadillo detections at six sites, including four natural sites and
two parks (Figure 1. 5). There was little support for model covariates describing site use of
armadillos (Table 1. 6), and only three models received greater support than the null model
(ΔAICc= 2.10, wnull =0.13). Armadillo site use was best described by availability of soft mast at
a site (ΔAICc=0). The relationship with soft mast availability was positive (βsoftmast=0.90,
s.e.=0.45), as expected. Number of houses within the armadillo core home range area was the
next best supported model (ΔAICc= 0.23, βhouses=-1.38, s.e= 0.84) but armadillo site use
decreased with increased number of houses, contrary to what I expected. The next best
supported model included the count of attractants present as a covariate (ΔAICc=1.62, βattractants=0.12, s.e.=0.08). The relationship with the count of attractants was negative, contrary to my
predictions (Figure 1. 6). Models including greenspace area (ΔAICc=3.86), degree of isolation
from nearest greenspace (ΔAICc=4.42), and area + isolation (ΔAICc=6.39) did not improve
model fit over the null model (Figure 1. 6).
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There were nine gray fox detections at six sites, including two golf courses, one
cemetery, one park, and two natural areas (Figure 1. 7). There was little support for model
covariates describing site use of gray fox (Table 1. 7), and the null model was competing with
the two models that received greater support (ΔAICc=0.70, wnull =0.29). Gray fox site use was
best described by degree of isolation to nearest greenspace (ΔAICc= 0) and gray fox site use
decreased with increased isolation (βisolation= -2.42, s.e.=2.41). The next best supported model
included amount of low cover available (ΔAICc= 0.63), showing a positive relationship with
gray fox site use (βlowcover=1.04, s.e.=0.80) (Figure 1. 8). However, both of these models are
within 0.70 ΔAICc of the null, so interpretation should be cautious. Green space area
(ΔAICc=1.51) and area + isolation (ΔAICc=1.92) did not improve model fit over the null (Table
1. 7).
There were 286 gray squirrel detections at 25 sites, including 11 parks, 10 natural areas,
two cemeteries, and two golf courses (Figure 1. 9). Five models describing site use for gray
squirrels (Table 1. 8) received greater support than the null model (ΔAICc=13.13, wnull=0) and
three models received 94% of the Akaike model weights. Gray squirrel site use was best
described by count of deterrents + attractants present (ΔAICc= 0) and accounted for more than
half the Akaike model weights (wdeterrents=0.58). The relationship with both count of deterrents
(βdeterrents=1.53, s.e.=1.05) and attractants (βattractants=2.16, s.e.=0.80) is positive, but attractants
had a greater positive effect on gray squirrel site use than deterrents. The second-best supported
model included amount of available prey cover as a covariate (ΔAICc= 1.94). The relationship
was also positive (βpreycover=2.13, s.e.=0.79) (Figure 1. 10). The next best supported model
included hardmast+ softmast+ preycover (ΔAICc=2.82). Squirrel site used increased with all
three covariates: hardmast (βhardmast=1.34, s.e.=0.74), softmast (βsoftmast=1.02, s.e.=0.79), and
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preycover (βpreycover=1.35, s.e.=0.90). The models including availability of low cover
(ΔAICc=4.94) (Figure 1. 11), and number of houses (ΔAICc=12.30) received little to no support
and only <6% of the Akaike model weights, so it is not interpreted here. Area (ΔAICc=14.96),
isolation (ΔAICc=15.51), and area + isolation (ΔAICc=17.45) did not improve model fit over the
null model (Table 1. 8).
There were 117 raccoon detections at 17 sites, including five parks, nine natural areas,
two cemeteries, and one golf course (Figure 1. 12). Four models describing raccoon site use
(Table 1. 9) received greater support than the null model for site use including survey-specific
detection (ΔAICc=5.96, wnullSurvey=0.03), all including food availability, and two models
accounted for 84% of the Akaike model weights. The top model included amount of available
soft mast as a covariate (ΔAICc=0), which accounted for over half of the model
weight(wsoftmast=0.64). Raccoon site use increased with increasing availability of soft mast
(βsoftmast=1.32, s.e.=0.56). Site use was also positively correlated with all three covariates for the
next best model (ΔAICc=2.33) including hard mast (βhardmast=1.34, s.e.=0.74), soft mast
(βsoftmast=1.02, s.e.=0.79), and prey cover (βpreycover=1.35, s.e.=0.90) (Figure 1. 13). Models
including any food and anthropogenic food availability were ranked next but received minimal
support (ΔAICc=5.25 for both). Because all food resources detected at sites were classified as
natural foods for raccoons (Appendix A), the any food covariate is equivalent to anthropogenic
food. Thus, the models are identical. Area (ΔAICc=6.89), isolation (ΔAICc=8.55), and area +
isolation (ΔAICc=9.39) did not improve model fit over the null.
There were 59 detections of Virginia opossum throughout 18 sites, including six parks,
10 natural areas, one cemetery, and one golf course (Figure 1. 14). There was little support for
model covariates describing site use for Virginia opossum (Table 1. 10), and only one model
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received greater support than the null model for detection (ΔAICc=1.39). Four of the five top
models include the detection covariate (Survey). The top model is softmast (ΔAICc=0) and
accounts for more than half of the model weight (wsoftmast=0.67) (Figure 1. 15). Soft mast
increase resulted in an increase in opossum site use (βsoftmast=0.87, s.e.=0.46). Area
(ΔAICc=19.77), isolation (ΔAICc=19.45), and area + isolation (ΔAICc=21.53) did not improve
model fit over the null.
There were five Eastern cottontail rabbit detections throughout one site considered to be a
natural area (Figure 1. 16). Eastern cottontail rabbit site use was best described by degree of
heterogeneity (ΔAICc= 0) and accounted for more than half the weight of the models (wdegree of
heterogeneity=0.76)

(Table 1. 11). It was the only model that received greater support than the null

model (ΔAICc=2.34) (Figure 1. 17). Degree of heterogeneity had a positive relationship with
cottontail habitat use (βdegree of heterogeneity=20.46, s.e.=12.25). Area (ΔAICc=3.99), isolation
(ΔAICc=4.69), and area + isolation (ΔAICc=6.54) did not improve model fit over the null.
There were 107 white-tailed deer detections throughout 18 sites, including seven parks,
seven natural areas, three cemeteries, and one golf course (Figure 1. 18). White-tailed deer site
use was best described by degree of heterogeneity and the survey detection covariate (ΔAICc= 0)
and accounted for more than half the weight of the models (wdegree of heterogeneity=0.83) (Figure 1.
19). It was the only model that received greater support than the null model (ΔAICc=3.11)
(Table 1. 12). Degree of heterogeneity had a positive relationship on white-tailed deer habitat
use (βdegree of heterogeneity=2.59, s.e.=1.09). Area + isolation(ΔAICc=19.92) did not improve model
fit over the null, and area and isolation individually did not converge.
There were two bobcat detections at two sites, including two natural areas (Figure 1. 20).
Bobcat site use was best described by degree of heterogeneity within the core home range area
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with survey-specific detection probabilities (ΔAICc= 0) and accounted for more than half the
weight of the models (wdegree of heterogeneity=0.77) (Figure 1. 21). It was the only model that received
greater support than the null model (ΔAICc=2.40) (Table 1. 13). Bobcat site use increased with
degree of heterogeneity (βdegree of heterogeneity=10.13, s.e.=7.20), contrary to expectations.
Greenspace area (ΔAICc=4.68), degree of isolation from nearest greenspace (ΔAICc=2.82) and
area + isolation (ΔAICc=5.37) did not improve model fit over the null model.
No covariates described differences in red fox detection or site use (null model). There
were 61 red fox detections throughout 12 sites, including four parks, four natural areas, three golf
courses, and one cemetery (Figure 1. 22).
The human dimension surveys resulted in a margin of error that exceeded 5%, which is
the margin of error that is needed for an accurate study. Therefore, I could not use the human
dimension survey data to describe how human behavior could influence urban wildlife
occurrence. A summary of the survey results can be found in Appendix H.
Discussion
In this study, the only species that responded to degree of isolation from the nearest
greenspace were gray foxes and coyotes and site use for both decreased with increased isolation.
No species responded to greenspace area, also showing a lack of general support for Island
Biogeography Theory (MacArthur and Wilson 1967) in my study. All species with adequate
data to fit models responded to attractants (armadillo, coyote, bobcat, gray fox, white-tailed deer,
eastern cottontail rabbit, Virginia opossum, Northern raccoon, and Eastern gray squirrel), but not
all showed a positive response as expected. While gray squirrel site use increased with increased
amounts of attractants, all other species showed mixed responses to both natural and
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anthropogenic attractants. There was little response to deterrence for all species except Eastern
gray squirrel, which increased site use with count of deterrents present.
Crooks (2002) found that both patch area and isolation from nearest patch were the
strongest predictors of species occurrence. Increased isolation led to a decrease in occurrence of
large carnivore species, like coyotes, bobcats, and mountain lions. Crooks (2002) also found that
isolation was not significant for gray fox occurrence. Similarly, I found that increased isolation
had a negative effect on coyotes. However, I also found gray fox to respond to isolation
similarly to coyotes, suggesting that gray foxes are not using sites depending on the lack of
coyote presence. These findings do not support the mesopredator release hypothesis (Crooks and
Soule 1999). Coyote and gray fox occurred at one large similar site (Patrick’s Farm Golf
Course). Red fox were also detected at three similar sites with gray fox and one with coyotes,
also demonstrating a lack of avoidance.
Patch area is also predicted to influence species assemblages in Island Biogeography
Theory, where an increase in area would allow for an increase in species occurrence. In my
study there was no support for greenspace area as an influence on any species in this study, and
there was greater support for available food resources. Most of the top models for all species
included an attractant or food resource of some kind. Crooks (2002) found that area had a
significant effect on species occurrence and had a negative effect on almost all species he
investigated, excluding raccoons and striped skunks.
Degree of heterogeneity was the strongest predictor of species occurrence for bobcat,
white-tailed deer, and Eastern cottontail rabbit but also accounted for coyote occurrence. These
species responded positively to sites that had increased degree of heterogeneity within the
camera site greenspaces, indicating that the more diverse the landscape, the more likely the
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species would use the patch. Crooks (2002) found the opposite for bobcats and coyotes.
However, deer and Eastern cottontail were not investigated in the study. Manlick et al. (2020)
found that heterogeneity can help facilitate co-existence in human-dominated landscapes
between carnivores and that co-occurrence increased with increasing heterogeneity.
Species that responded to attractants include armadillo, coyote, bobcat, deer, Eastern
cottontail, gray fox, Virginia opossum, Northern raccoon, and Eastern gray squirrel. Armadillo
were positively affected by soft mast but negatively affected by number of houses (hypothesized
to provide shelter or increased food resources) and all combined attractants. Gammons et al.
(2009) found that armadillos readily utilize anthropogenic food sources, which was not apparent
in my findings. DeGregorio et al. (2021) did find that armadillos shifted their daily activity
patterns to avoid humans and most frequently occurred at sites further from human structures,
concurring with my results. Virginia opossum occurrence was shown to be positively affected
by soft mast in my study and Northern raccoons were positively affected by soft mast, hard mast,
and prey cover but negatively affected by food resources. Contrary to my findings, Bozek et al.
(2007) found that raccoons mostly occurred at sites that had substantial anthropogenic food
sources. Other studies have found raccoons to heavily take advantage of anthropogenic
resources (Gehrt 2003, Hadidian et al. 2010). My study suggests that landscape context may
have a more substantial influence on raccoon occurrence. Gray foxes were positively affected by
availability of low cover. Coyote occurrence was shown to be negatively affected by attractants.
Most sites where coyotes were found were large, with potential to provide cover and habitat for
the species. The sites also offered more distance from humans. Rodriguez et al. 2021 found that
coyotes preferred natural areas and were tolerant to modest anthropogenic features. Gray
squirrels were positively affected by attractants, including number of houses, soft mast, hard
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mast, and prey cover. Bonnington et al. 2013 has found similar results, finding gray squirrel
occurrence was strongly predicted by habitat features characterized as attractants.
Eastern gray squirrel were the only species to respond to deterrents (Table E3). Gray
squirrel occurrence was positively affected by deterrents, meaning site use increased with
increasing amounts of deterrents. Gray squirrels have been shown to take advantage of human
structures and anthropogenic food resources and can thrive in highly urbanized and human
dominated landscapes (Bonnington et al. 2013). This suggests that gray squirrels will utilize
human dominated areas and structures regardless of the risks, and deterrents in my study may be
an artifact of a different, unmeasured effect.
Although there was little response to the residential property dweller survey, the results
of the survey show that the most common behaviors that may affect species occurrence were
putting out the trash the day before pickup and owning a bird feeder.
While this study provided a greater understanding of the influences that affect urban site
use by mammals, there were also several limitations. Many of the occupancy models that I
attempted to run were unsuccessful due to the limited data. An increase in camera site locations
as well as an increase in the months of analysis would increase the success of the study. Due to
COVID-19, many of our camera site locations were closed or shut down during April 2020 until
the start of 2021. I used data from April 2021 because it was the month with the least influence
from the COVID-19 pandemic. I attempted to connect species occurrence and human behavior
by surveying residential property dwellers that resided within 200 meters of each of my camera
site patches. I mailed individuals letters inviting them to participate in the survey via a Qualtrics
link. However, there was not enough participation in the survey to make inferences from the
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data. The survey response may have increased if I were to do in-person interviews. However,
this would require a significant amount of time and money.
Due to these limitations, future research should continue to evaluate the effects of the
urban landscape on urban wildlife species occurrence. An increase in the number of camera trap
surveys over multiple seasons would create successful results and describe urban influence over
time. Researchers should continue to investigate how human behavior influences species’ site
use with increased survey sample size and various survey methods. Also, researchers can focus
on investigating closer to homes and developed areas to determine how behaviors immediately at
the home are influencing what wildlife the community is observing at a fine scale.
Conclusion
The urban landscape has affected many species in a variety of ways. This study found
that all attractants throughout the urban-wildland gradient had an effect on urban wildlife species
occurrence. This may suggest that urban wildlife species are more influenced by landscape
context as a whole, including fine-scale habitat attributes. Isolation and degree of heterogeneity
were shown to have positive effects on predatory carnivorous species. Although area was not
found to have an effect in this study, it should still be investigated due to its overall support in
most studies, with more focus on mitigating factors including landscape context and habitat
quality. Human behaviors in this study did show an effect on most small-bodied mesomammal
species in this study. However, the lack of participation in the survey reduces the ability to infer
anything from the results. Human behaviors should continue to be researched as a significant
influencer of wildlife occurrence, as that is ultimately one of the factors researchers are trying to
infer from site attributes measured in urban studies.
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Tables
Table 1.1

Cities within the United States where urban wildlife studies have occurred.

City

2010
Metropolitan
Statistical Area
Population Size

Studies

18,897,109

2019
Metropolitan
Statistical Area
Population Size
Estimate
19,216,182

(1) New York
City, New York;
New Brunswick,
New Jersey
(2) Los Angeles,
California
(3) Chicago,
Illinois

12,828,837

13,214,799

Kozakiewicz et al. 2020

9,461,105

9,458,539

Piccolo et al. 2000, Prange et al.
2004, Gehrt et al. 2009, Graser et
al. 2012, Hunt et al.
2014, Magle et al. 2014,
Newsome et al. 2015b, Abu Baker
et al. 2015, Magle et al. 2016,
, Bender et al. 2016, Caballero et
al. 2016, Lehrer et al. 2016, Gallo
et al. 2017, McCabe et
al. 2018,Ellington et al. 2019,
Wurth et al. 2020,

(4) Dallas, Texas;
Fort Worth,
Texas
(14) Detroit,
Michigan
(15) Bellevue,
Nebraska
(16) Minneapolis,
Minnesota; St.
Paul, Minnesota
(17) San Diego,
California

6,366,542

7,573,136

Young et al. 2019

4,296,250

4,319,629

Caballero et al. 2016

3,439,809

3,979,845

Vercauteren and Hygnstrom 2000

3,346,859

3,654,908

Caballero et al. 2016

3,095,313

3,338,330

Kozakiewicz et al. 2020
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Parsons et al. 2019, Pittfield and
Burger 2017, Partridge and Clark
2018

Table 1.1 continued
(3) Chicago, Illinois

9,461,105

9,458,539

Piccolo et al. 2000, Prange et al.
2004, Gehrt et al. 2009, Graser et al.
2012, Hunt et al. 2014, Magle et al.
2014, Newsome et al. 2015b, Abu
Baker et al. 2015, Magle et al. 2016,
, Bender et al. 2016, Caballero et al.
2016, Lehrer et al. 2016, Gallo et al.
2017, McCabe et al. 2018,Ellington et
al. 2019, Wurth et al. 2020,

(4) Dallas, Texas; Fort 6,366,542
Worth, Texas

7,573,136

Young et al. 2019

(14) Detroit, Michigan 4,296,250

4,319,629

Caballero et al. 2016

(15) Bellevue,
Nebraska

3,439,809

3,979,845

Vercauteren and Hygnstrom 2000

(16) Minneapolis,
Minnesota; St. Paul,
Minnesota
(17) San Diego,
California

3,346,859

3,654,908

Caballero et al. 2016

3,095,313

3,338,330

Kozakiewicz et al. 2020

(19) Denver, Colorado; 2,543,482
Aspen, Colorado

2,967,239

Magle and Crooks 2008, Magle et al.
2010, Magle et al. 2012, Poessel et al.
2016, Magle and Fidino 2018, Schafer
et al. 2018

(21) Baltimore,
Maryland

2,710,489

2,800,053

Gross et al. 2012

(29) Austin, Texas

1,716,289

2,227,083

Robinson et al. 2018

(34) Cleveland, Ohio

2,077,240

2,048,449

Caballero et al. 2016

(37) Newport News,
Virginia

1,713,954

1,768,901

Rountree 2004
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Table 1.1 continued
(39) Milwaukee,
Wisconsin; Jefferson,
Wisconsin
(53) Tucson, Arizona

1,555,908

1,575,179

Stout et al. 2007, Caballero et al. 2016

980,263

1,047,279

Grinder and Krausman 2001, Mannan
et al. 2007

(57) Omaha, Nebraska 865,350

949,442

Vercauteren and Hygnstrom 2000

(19) Denver, Colorado; 2,543,482
Aspen, Colorado

2,967,239

Magle and Crooks 2008, Magle et al.
2010, Magle et al. 2012, Poessel et al.
2016, Magle and Fidino 2018, Schafer
et al. 2018

(21) Baltimore,
Maryland

2,710,489

2,800,053

Gross et al. 2012

(29) Austin, Texas

1,716,289

2,227,083

Robinson et al. 2018

(34) Cleveland, Ohio

2,077,240

2,048,449

Caballero et al. 2016

(37) Newport News,
Virginia

1,713,954

1,768,901

Rountree 2004

(39) Milwaukee,
1,555,908
Wisconsin; Jefferson,
Wisconsin
(19) Denver, Colorado; 2,543,482
Aspen, Colorado

1,575,179

Stout et al. 2007, Caballero et al. 2016

2,967,239

Magle and Crooks 2008, Magle et al.
2010, Magle et al. 2012, Poessel et al.
2016, Magle and Fidino 2018, Schafer
et al. 2018

(21) Baltimore,
Maryland

2,710,489

2,800,053

Gross et al. 2012

(29) Austin, Texas

1,716,289

2,227,083

Robinson et al. 2018

(19) Denver, Colorado; 2,543,482
Aspen, Colorado

2,967,239

Magle and Crooks 2008, Magle et al.
2010, Magle et al. 2012, Poessel et al.
2016, Magle and Fidino 2018, Schafer
et al. 2018
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Table 1.1 continued
(21) Baltimore,
Maryland
(29) Austin, Texas

2,710,489

2,800,053

Gross et al. 2012

1,716,289

2,227,083

Robinson et al. 2018

(34) Cleveland, Ohio

2,077,240

2,048,449

Caballero et al. 2016

(37) Newport News,
Virginia
(39) Milwaukee,
Wisconsin; Jefferson,
Wisconsin
(53) Tucson, Arizona

1,713,954

1,768,901

Rountree 2004

1,555,908

1,575,179

Stout et al. 2007, Caballero et al. 2016

980,263

1,047,279

(57) Omaha, Nebraska

865,350

949,442

Grinder and Krausman 2001, Mannan
et al. 2007
Vercauteren and Hygnstrom 2000

(89) Madison,
Wisconsin
(97) Jackson,
Mississippi
(104) Lancaster,
Pennsylvania
(150) Fort Collins,
Colorado
(196) Prescott, Arizona

605,435

664,865

586,320

594,806

519,445

545,724

Handler et al. 2019

299,630

356,899

Neubaum et al. 2017

211,033

235,099

Ticer et al. 2001

(202) Champaign217,810
Urbana, Illinois
(326) Lawrence, Kansas 110,826

226,033

Gooselink et al. 2010

122,259

Koprowski 1991

(327) San Angelo,
Texas
(336) Sheboygan,
Wisconsin
(356) Grand Forks,
North Dakota
(89) Madison,
Wisconsin
(97) Jackson,
Mississippi

112,966

122,027

Brashear et al. 2015

115,507

115,340

Caballero et al. 2016

98,461

100,815

Schneider et al. 2019

605,435

664,865

Mueller et al. 2018, Pleumer et al.
2019

586,320

594,806
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Mueller et al. 2018, Pleumer et al.
2019

Table 1.1 continued
(89) Madison,
Wisconsin
(97) Jackson,
Mississippi
(104) Lancaster,
Pennsylvania
(150) Fort Collins,
Colorado
(196) Prescott, Arizona

605,435

664,865

Mueller et al. 2018, Pleumer et al.
2019

586,320

594,806

519,445

545,724

Handler et al. 2019

299,630

356,899

Neubaum et al. 2017

211,033

235,099

Ticer et al. 2001

(202) Champaign217,810
Urbana, Illinois
(326) Lawrence, Kansas 110,826

226,033

Gooselink et al. 2010

122,259

Koprowski 1991

(327) San Angelo,
112,966
122,027
Brashear et al. 2015
Texas
(336) Sheboygan,
115,507
115,340
Caballero et al. 2016
Wisconsin
(356) Grand Forks,
98,461
100,815
Schneider et al. 2019
North Dakota
This table is ranked top-to-bottom from metropolitan statistical areas with the highest population
to the lowest population. This information was collected from the United States Census Bureau
Database. The number in parenthesis located in front of the city name represents the ranking of
all United States metropolitan statistical areas by population size. Jackson, Mississippi is bolded.
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Table 1.2

Categorization of potential resources for wildlife
Natural Resource

Anthropogenic Resource

Trash can, Dumpster
Grill
Fence
Road
Drainage ditch
Abandoned buildings
✓
Woody debris
✓
Puddle
✓
Stream
✓
Creek
Garden
✓
Tree cavities
Soccer field
Tennis court
Baseball field
Pool
✓
Snag trees
Bird house
Bird feeder
Bat box
NOTE: Each resource is categorized as either a natural or anthropogenic resource.
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✓
✓
✓
✓
✓
✓

✓
✓
✓
✓
✓
✓
✓
✓

Table 1.3

Candidate set of occupancy models to address hypotheses regarding factors that
may influence wildlife species site use

Model
ᴪ ~ houses

Hypothesis
Site use will decrease with increased
number of houses

ᴪ ~ food subsidies

Site use will increase with increased
food resources
Site use will increase with increased
natural food resources
Site use will increase with increased
anthropogenic resources
Site use will increase with increased
attractants
Site use will decrease with increased
deterrents
Site use will increase with increased
soft mast
Site use will increase with increased
hard mast
Shielding effect will not have any
effect on prey species
Site use will increase with increased
cover
Site use will increase with an increase
in prey cover
Site use will decrease with decreased
patch size

ᴪ ~ natural food
ᴪ ~ anthropogenic
resources
ᴪ ~ attractants
ᴪ ~ deterrents
ᴪ ~ soft mast
ᴪ ~ hard mast
ᴪ ~ houses+
anthropogenic cover
ᴪ ~ cover
ᴪ ~ prey cover
ᴪ ~ patch area
ᴪ ~ isolation
(nearness)

Site use will decrease with decreased
nearness

ᴪ ~ patch area +
isolation

Site use will decrease with decreased
patch size and decreased nearness

ᴪi~1

Species affected
big-bodied and big home
range species will be
affected
All
All
All; have a higher effect on
small-bodied species
All
All
Have a higher effect on
small-bodied species
Have a higher effect on bigbodied species
Specific for small-bodied
species
All
Specific for big-bodied and
big home range species
big-bodied and big home
range species will be
affected
big-bodied and big home
range species will be
affected
big-bodied and big home
range species will be
affected
All

null – site use is explained by the
intercept-only model.
NOTE: ᴪ represents occupancy of species; ~ represents the relationship between site use and the
model covariate
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Table 1.4

Definition of covariates I used in occupancy models to describe species site use

Covariate
Houses

Definition
Number of houses that fall within species’
core home range use buffer
Any food
All food resources (anthropogenic and natural)
Anthropogenic food
All anthropogenic food resources
Natural food
All natural food resources
Attractant
*Species specific
Deterrent
All deterrents
Hard mast
Proportion of hard mast canopy
Soft mast
Proportion of soft mast canopy
Prey cover
*Species specific
Cover
*Species specific
Anthropogenic cover
Resources classified as shelter
Area
Area of camera site
Isolation
Nearness of another patch to camera site
*Covariate definitions are species-specific and can be found in Appendix D
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Table 1.5

AIC table for top-ranked coyote single-season occupancy models in relation to
landscape and local site attributes

Model
ᴪ(any food)p()
ᴪ(anthropogenic food)p()
ᴪ(heterogeneity)p()
ᴪ (isolation)p()
ᴪ(low cover)p()
ᴪ(hard mast)p()
ᴪ()p()
ᴪ(area)p()
ᴪ(area P isolation)p()

AICc

neg2ll
72.0
72.8
73.4
74.1
74.4
74.5
74.5
75.7
76.2

npar
65.2
66.0
66.6
67.3
67.7
67.7
70.1
69.0
66.9

3.00
3.00
3.00
3.00
3.00
3.00
2.00
3.00
4.00

ΔAICc
0.00
0.79
1.43
2.08
2.47
2.52
2.53
3.76
4.21

adj
weight
0.30
0.20
0.15
0.10
0.08
0.08
0.08
0.00
0.00

NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
*Models that did not converge include both the nulls for each: deterrent, anthropogenic cover,
houses + anthropogenic cover, low cover + anthropogenic cover; other models include
anthropogenic cover p (Survey)
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Table 1.6

AIC table for top-ranked armadillo single-season occupancy models in relation to
landscape and local site attributes.

Model

neg2ll

npar

ΔAICc

adj
weight
ᴪ(softmast)p()
76.9
70.1
3.00
0.00
0.37
ᴪ(Houses)p()
77.1
70.3
3.00
0.23
0.33
ᴪ(Attract)p()
78.5
71.7
3.00
1.62
0.17
ᴪ()p()
79.0
74.6
2.00
2.10
0.13
ᴪ(area)p()
80.7
74.0
3.00
3.86
0.00
ᴪ(isolation)p()
81.3
74.5
3.00
4.42
0.00
ᴪ(area P isolation)p()
83.3
73.9
4.00
6.39
0.00
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters

Table 1.7

AICc

AIC table for top-ranked gray fox single-season occupancy models in relation to
landscape and local site attributes.

Model

AICc

neg2ll

npar

ΔAICc

adj weight

ᴪ(isolation)p()

72.3

65.5

3.00

0.00

0.41

ᴪ(lowcover)p()

72.9

66.1

3.00

0.63

0.30

ᴪ()p()

72.9

68.6

2.00

0.70

0.29

ᴪ(area)p()

73.7

67.0

3.00

1.51

0.00

ᴪ(area + isolation)p()

74.6

64.8

4.00

1.92

0.00

NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
*Models that did not converge for both nulls include: anthropogenic cover; other models include:
houses +anthropogenic cover p(Survey), low cover+ anthropogenic cover p(Survey)
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Table 1.8

AIC table for top-ranked gray squirrel for single-season occupancy models in
relation to landscape and local site attributes.

Model
AICc
neg2ll
npar
ΔAICc
adj weight
ᴪ(Deter + Attract)p()
172
162
4.00
0.00
0.58
ᴪ(prey cover)p()
173
167
3.00
1.96
0.22
ᴪ(hard mast + softmast
175
162
5.00
2.82
0.14
+ prey cover)p()
ᴪ(low cover)p()
176
170
3.00
4.94
0.05
ᴪ(Houses)p()
184
177
3.00
12.3
0.00
ᴪ()p()
185
180
2.00
13.1
0.00
ᴪ(area)p()
186
180
3.00
15.0
0.00
ᴪ(isolation)p()
187
180
3.00
15.5
0.00
ᴪ(area + isolation)p()
189
180
4.00
17.5
0.00
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
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Table 1.9

AIC table for top-ranked Northern raccoon for single-season occupancy models in
relation to landscape and local site attributes

Model

AICc

neg2ll

npar

ΔAICc

adj weight

ᴪ(soft mast)p()

180

173

3.00

0.00

0.64

ᴪ(hard mast + soft
mast + prey
cover)p()
ᴪ(any food)p()

182

170

5.00

2.33

0.20

185

178

3.00

5.26

0.05

ᴪ(anthropogenic
food)p()
ᴪ()p(SURVEY)

185

178

3.00

5.26

0.05

186

167

7.00

5.96

0.03

ᴪ()p()

186

181

2.00

6.15

0.03

ᴪ(area)p()
ᴪ(isolation)p()

187
188

180
181

3.00
3.00

6.90
8.56

0.00
0.00

ᴪ(area +
190
180
4.00
9.34
0.00
isolation)p()
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
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Table 1.10

AIC table for top-ranked Virginia opossum for single-season occupancy models in
relation to landscape and anthropogenic features

Model
AICc
neg2ll
npar ΔAICc adj weight
ᴪ(soft
171
150 8.00
0.00
0.67
mast)p(SURVEY)
ᴪ()p(SURVEY)
173
154 7.00
1.39
0.33
ᴪ(area + isolation)p()
193
183 4.00
21.5
0.00
ᴪ()p()
189
185 2.00
17.7
0.00
ᴪ(isolation)p()
190
184 3.00
19.5
0.00
ᴪ(area)p()
190
184 3.00
19.8
0.00
ᴪ(area + isolation)p()
193
183 4.00
21.5
0.00
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters

Table 1.11

AIC table for top-ranked Eastern cottontail rabbit for single-season occupancy
models in relation to landscape and anthropogenic features

Model

AICc

neg2ll

npar

ΔAICc

adj weight

ᴪ(degree of
heterogeneity)p()
ᴪ()p()

19.4

12.6

3.00

0.00

0.76

21.7

17.4

2.00

2.34

0.24

ᴪ(area)p()

23.4

16.6

3.00

4.69

0.00

ᴪ(isolation)p()

24.1

17.3

3.00

3.99

0.00

ᴪ(area + isolation)p()

26.0

16.6

4.00

6.54

0.00

NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
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Table 1.12
Model

AIC table for top-ranked white-tailed deer for single-season occupancy models in
relation to landscape and anthropogenic features
AICc

neg2ll

npar

ΔAICc

adj
weight
0.00
0.83

ᴪ(degree of
159
138
8.00
heterogeneity)p(SURVEY)
ᴪ()p(SURVEY)
162
144
7.00
3.11
0.17
ᴪ(area + isolation)p()
179
170
4.00
19.9
0.00
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
*Models that did not converge including both the nulls for each: houses, any food, anthropogenic
food, deter, hard mast, soft mast, prey cover, low cover, anthropogenic cover, area, isolation,
hard mast +soft mast+ prey cover; other models include: house + anthropogenic cover p
(Survey), low cover + anthropogenic cover p (Survey)

Table 1.13
Model

AIC table for top-ranked bobcat single-season occupancy models in relation to
landscape and anthropogenic features
AICc

neg2ll

npar

ΔAICc

adj
weight
0.00
0.77

ᴪ(degree of
33.9
27.1
3.00
heterogeneity)p()
ᴪ()p()
36.3
31.9
2.00
2.40
0.23
ᴪ(isolation)p()
36.7
29.9
3.00
2.82
0.00
ᴪ(area)p()
38.6
31.8
3.00
4.68
0.00
ᴪ(area P isolation)p()
39.2
29.9
4.00
5.37
0.00
NOTE: AICc represents the corrected Akaike information criteria for small sample sizes; neg2ll
represents the log likelihood of the parameter; npar represents the number of parameters; adj
weight represents the adjusted weight of the adjusted Akaike weights of the models after models
for uninformative parameters were removed; area and isolation models were left in the table even
if they were uninformed parameters for assessment of Island Biogeography Theory; they were
not included in the model weight calculations if they were uninformed parameters
*Models that did not converge including both the nulls for each: anthfood, deter+attract
anthcover, deter, house+anthcover p (Survey), lowcover+anthCover p(Survey) ; other models
include: any food
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Figures

Figure 1.1

Urban wildlife studies conducted within the United States.

These studies are represented with a blue point. The red point represents Jackson, Mississippi.
Points vary in size, with larger points representing larger population densities and smaller points
representing smaller population densities of the city.
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Figure 1.2

Camera site locations through the Jackson metropolitan area

Each yellow dot represents a camera site location
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Figure 1.3

Camera site locations where coyotes were detected.

The yellow dots represent the sites where coyotes were undetected, and the red stars represent
sites where coyotes were detected.
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Figure 1.4

Relationship between coyote site use and total food resources available at a site
(A) and anthropogenic food resources available at a site (B).

The dash lines show the 95% confidence intervals
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Figure 1.5

The predicted response between coyote site use and degree of heterogeneity within camera site greenspaces (A); degree
of isolation from next nearest patch of greenspace (B); amount of available low cover at a site (C); and amount of hard
mast available at a site (D)

The dash lines show the 95% confidence intervals
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Figure 1.6

Camera site locations where armadillos were detected.

The yellow dots represent the sites where armadillos were undetected, and the red stars represent
sites where armadillos were detected.
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Figure 1.7

The predicted response between armadillo site use and amount of available soft mast at the site (A); number of houses
within camera site greenspaces (B); and attractants at the site (C).

The dash lines show the 95% confidence intervals.
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Figure 1.8

Camera site locations where gray foxes were detected

The yellow dots represent the sites where gray foxes were undetected, and the red stars represent
sites where gray foxes were detected.
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Figure 1.9

The predicted response between gray fox site use and degree of isolation from
nearest greenspace (A), and amount of low cover available (B).

The dash line shows the 95% confidence intervals
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Figure 1.10

Camera site locations where gray squirrels were detected.

The yellow dots represent the sites where gray squirrels were undetected, and the red stars
represent sites where gray squirrels were detected.
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Figure 1.11

The predicted response between gray squirrel site use and count of deterrents present at a site (A); count of attractants
available at a site (B); and amount of available prey cover for prey species (C).

The dash lines show the 95% confidence intervals.
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Figure 1.12

Camera site locations where raccoons were detected.

The yellow dots represent the sites where raccoons were undetected, and the red stars represent
sites where raccoons were detected.
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Figure 1.13

The predicted response between Northern raccoon site use and amount of soft mast
available.

The dash lines show the 95% confidence intervals.
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Figure 1.14

Camera site locations where opossums were detected.

The yellow dots represent the sites where opossums were undetected, and the red stars represent
sites where opossums were detected.
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Figure 1.15

The predicted response between Virginia opossum site use and amount of soft
mast available.

The dash lines show the 95% confidence intervals.
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Figure 1.16

Camera site locations where cottontail rabbits were detected.

The yellow dots represent the sites where rabbits were undetected, and the red stars represent
sites where rabbits were detected.
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Figure 1.17

The predicted response between cottontail rabbit site use and degree of
heterogeneity within camera site greenspaces.

The dash lines show 95% confidence intervals.

58

Figure 1.18

Camera site locations where white-tailed deer were detected.

The yellow dots represent the sites where deer were undetected, and the red stars represent sites
where deer were detected.
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Figure 1.19

The predicted response between white-tailed deer site use and degree of
heterogeneity within camera site greenspaces.

The dash lines show the 95% confidence intervals
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Figure 1.20

Camera site locations where bobcats were detected.

The yellow dots represent the sites where bobcats were undetected, and the red stars represent
sites where bobcats were detected.
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Figure 1.21

The predicted response between bobcat site use and degree of heterogeneity within
camera site greenspaces

The dash lines show the 95% confidence intervals
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Figure 1.22

Camera site locations where red foxes were detected.

The yellow dots represent the sites where red foxes were undetected, and the red stars represent
sites where red foxes were detected.
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Table A.1

Categorization of each resource by species
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coyote

Easter
n
cotton
tail

Easter
n gray
squirr
el

fox
squirr
el

gray
fox

North
ern
raccoo
n

red
fox

Stripe
d
skunk

Virgin
ia
oposs
um

whitetailed
deer

Food

Ninebande
d
armad
illo
Food

Food

Food

Food

Food

Food

Food

Food

Food

Food

Food

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Food
Deterr
ent
Deterr
ent
Water

Abando
ned
buildin
gs
Woody
debris

Shelter

Shelter

Shelte
r

Shelte
r

Shelte
r

Shelter

Shelte
r

Shelte
r

Shelter

Shelte
r

Shelte
r

Shelte
r

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Cover

Puddle
Stream

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Water
Water

Creek
Garden
Tree
cavities

Water
Food
None

Water
Food
None

Water
Food
Shelte
r

Water
Food
Shelte
r

Water
Food
Shelte
r

Water
Food
None

Water
Food
Shelte
r

Water
Food
Shelte
r

Water
Food
None

Water
Food
Shelte
r

Water
Food
Shelte
r

Water
Food
None

Soccer
field
Tennis
court

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Deterr
ent
Deterr
ent

Basebal
l field

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Deterr
ent

Pool
Snag
trees
Bird
and bat
house
Bird
feeder

Water
None

Water
None

Water
Shelte
r
Food

Water
Shelte
r
Food

Water
Shelte
r
Food

Water
None

Water
Shelte
r
Food

Water
Shelte
r
Food

Water
None

Attract
ant

Water
Shelte
r
Food

Water
None

Attract
ant

Water
Shelte
r
Food

Attract
ant

Attract
ant

Food

Food

Food

Attract
ant

Food

Food

Attract
ant

Food

Food

Food

Trash
can,
Dumpst
er
Grill
Fence
Road
Drainag
e ditch

Attract
ant

Attract
ant

Food

Each potential resource is categorized for each species. Categories include food, water, shelter,
cover, attractant, and deterrent.
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Habitat Sampling Protocol
Materials Needed:
− Pen
− Transect tape (2)
− Point intercept pole
− Canopy tube
− Compass
− Rangefinder
− Datasheets
− Clipboard
Before you begin
−
−
−
−
−

Make sure all materials are gathered
Check rangefinder to assure it is functioning correctly and has a full battery
Record which camera site is being surveyed before you begin
Follow schematic provided at the end of this document to better understand directions
NOTE: These steps will be repeated 3 times (at 0, 120, and 240 degrees) at each camera
station; make note of any sources that might be useful to wildlife species (bird nests,
squirrel nests, utility poles, tables, trash cans, etc.); record any animal tracks
Canopy Cover
− The transect will be in 3 directions (0,120, and 240 degrees). Starting with 0 degrees, lay
down transect tape out to 30 meters, starting at the camera station.
− At every 5 meters, use a canopy tube with cross hairs. Look directly up through the tube.
− If there is canopy cover at the cross hairs, that is noted as a 1(yes-canopy cover)
− Record if the canopy cover is hard mast, soft mass, or none
Food Sources- Natural and Anthropogenic
− At every 10 meters along the transect, identify dominant tree species. Note any snags or
dead trees
− Take note of any anthropogenic or natural food sources within a 5-meter radius of the 10meter sampling point
− Use a range finder to determine the distance of the food source and record the direction
from camera station
− Potential food sources are listed on the datasheet
Understory Density
-

Walk a 16-meter transect centered (at 8 meters) on and running perpendicular to the
canopy cover transect
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-

-

At every 2 meters intervals (starting 1 meter perpendicular to the canopy transect), drop a
point intersect pole and record whether there is physical contact with vegetation in three
height intervals: 0-0.5m, 0.5-1.0m, and 1.0-2.0m above the ground
Vegetation should be recorded as live or dead
Note the ground cover as soil, woody debris, leaf litter, water, rock, and note if there are
any tree cavities present
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Camera Site:
Camera ID:

Researcher:
Date and Time:
30 -meter Transect from Camera site: 0 degrees, 120 degrees, or 240 degrees (circle one)

CANOPY COVER
Camera

Canopy

dis. (m)

Y/N

Mast

ANTHROPOGENIC/ NATURAL FOOD SOURCE
For each transect, note of any anthropogenic or natural food sources within a
5-meter radius
Source
Distance
Direction
Notes

(if North) 0
5
10
15
20
25
30
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DOMINANT TREE SPECIES
Camera dis. (m)

Dominant Tree Species within 5meter radius

Notes

0
10
20
30
Enter 1 for present, enter 0 for absent for canopy cover; mast should be entered as soft, hard or none
Potential food sources include utility poles, trash cans, gardens, bird feeders, domestic pet food, abandoned structures and water
sources, trees (ponds, lakes, reservoirs, creek, river, pools, bird baths, irrigated recreational fields)
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16-meter Transect: 0 degrees, 120 degrees, or 240 degrees (circle one)
UNDERSTORY DENSITY
Distance (m)

GC

0-0.5 m

0.5-1.0m

1.0-2.0m

Notes

0
2
4
6
8
10
12
14
16
Ground Cover: (S) soil, (WD) woody debris, (LL) leaf litter, (RK) rock, (RD) road, (WR) water, (V) vegetation; note if any tree
cavities and squirrel nests are present
Understory Cover: 1 for present (touching the pole) and 0 for absent (not touching the pole)
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General/ Additional Notes

Add any notes about general location (ball field, roads, power lines, etc.), snags and dead trees, animal tracks, and human traffic and
sources that might be useful to wildlife species (bird nests, squirrel nests, utility poles, tables, trash cans, etc.); record any animal tracks
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Table C.1

Core home ranges of each species of interest

Common Name

Urban Home Range
4.36km2

20% Home
Range Area
872000 m2

20% Home
Range Radius
526.85 m

striped skunk
Virginia opossum

.373 km2

74600 m2

154.1 m

nine-banded armadillo

.11 km2

22000 m2

83.68 m

Raccoon

.7613 km2

152260 m2

220.15 m

white-tailed deer

.433 km2

86600 m2

166.03 m

Eastern gray squirrel

.0341 km2

6820 m2

46.59 m

Fox squirrel

.5330 km2

106600 m2

184.21 m

Gray fox

6.54 km2

1308000 m2

645.25 m

Red fox

3.04 km2

608000 m2

439.92 m

Eastern cottontail

.04047 km2

8094 m2

50.76 m

Coyote

4.95 km2

980000 m2

558.52 m

Bobcat

3.8 km2

760000 m2

491.85 m

89

APPENDIX D
DEFINITION OF COVARIATES FOR EACH SPECIES

90

Table D.1

Definition of covariates for each species

striped skunk

Cover
Low cover: 0
to 0.5 meters

Virginia opossum

Low cover: 0
to 0.5 meters

nine-banded
armadillo

Low cover: 0
to 0.5 meters

Raccoon

Low cover: 0
to 0.5 meters

white-tailed deer

Low cover: 0
to 0.5 meters

Eastern gray
squirrel

Low cover: 0
to 0.5 meters

Fox squirrel

Low cover: 0
to 0.5 meters

Gray fox

Low cover: 0
to 0.5 meters

Red fox

Low cover: 0
to 0.5 meters

Eastern cottontail

Low cover: 0
to 0.5 meters

Coyote

Low cover: 0
to 0.5 meters

Bobcat

Low cover: 0
to 0.5 meters

Prey cover
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter and woody
debris
Includes leaf
litter and woody
debris
Includes leaf
litter and woody
debris
Includes leaf
litter and woody
debris
Includes leaf
litter, woody
debris, and
vegetation
Includes leaf
litter and woody
debris
Includes leaf
litter and woody
debris
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Attractant
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
and woody debris
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
and woody debris
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
and woody debris
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
and woody debris
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
woody debris, and vegetation
Includes all food resources, shelter, cover,
soft mast trees, hard mast trees, leaf litter,
and woody debris
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Introduction
To evaluate how human behavior may influence urban mammal occupancy, I first
conducted a survey of experts in the field to determine species that would be most likely to be
present in a study of urban mammals in Mississippi as well human behaviors that may lead to
human-wildlife interactions with identified species (Phase 1 Survey). Second, using information
from the Phase 1 Survey, I conducted a survey of Jackson, MS residents within my study area
that asked them whether they performed various behaviors that may contribute to the presence of
feral or wild animals (Phase 2 Survey). This Appendix documents the methodology and results
from these two efforts.

Phase 1 Survey Methods (NWCO, ACO, USDA-APHIS-WS)
Phase 1 Survey Sampling Frame
To identify species of concern in my study area and possible human behaviors that may
influence urban mammal occupancy, I conducted a survey of Nuisance Wildlife Control Officers
(NWCO; n=24), Animal Control Officers (ACO; n=22), and United States Department of
Agriculture- Animal and Plant Health Inspection Service (USDA-APHIS) Wildlife Services
employees (WS; n=3). Names and email addresses of NWCO were provided by Mississippi
Department of Wildlife, Fisheries, and Parks (MDWFP) as per cooperative agreement between
Mississippi State University (MSU) and MDWFP. Names and email addresses of ACO and WS
personnel were collected from publicly available Mississippi county and city websites. Fifty
(N=50) participants were identified through this effort and constituted the sampling frame for the
Phase 1 survey.
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Phase 1 Survey Questionnaire
The Phase 1 Survey questionnaire sought information from NWCO/ACO/WS in six
general areas. First, I sought information on their characteristics, including occupation (NWCO,
ACO, WS, or other) and how many years they held their current position. Second, I sought
information on their phone calls or complaints that they receive. They were prompted to indicate
how many calls (phone calls, emails, webpage inquiries) they received in the previous 365 days
for domesticated and/or wild animals and what percentage of those calls pertain to domesticated
animals, wild animals, or other. Third, I sought information on their busiest months regarding
domesticated animal and/or wild animal calls and what type of animals they handle in their
current position (domesticated animals, wild animals, or neither). If they selected both
domesticated and wild animals, they were directed to the fourth and fifth step. However, if only
one of these choices were selected, they were only directed to the appropriate step. If they
selected neither, they were directed to the sixth step. Fourth, I sought information on the
domesticated species that they handled in their professional capacity. A list of species was
provided and NWCO/ACO/WS were asked to drag over the species that they handle into a
separate box in the online survey. The list included cats, dogs, pigs, goats, chickens, horses,
rabbits, hamsters, guinea pigs, hedgehogs, and other. From the species selected, they were asked
to 1) rank the three most common species, 2) rank the top three species that they felt are the most
problematic, and 3) from the species selected in (1), they were asked to provide the most
common human behaviors that they believe creates problems for homeowners/ landowners with
that species. Fifth, I sought information on the wildlife species that they handle in their
professional capacity. A list of species was provided and NWCO/ACO/WS were asked to drag
over the species that they handle into a separate box in the online survey. The list included
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Eastern gray squirrels, fox squirrels, striped skunks, Virginia opossum, nine-banded armadillos,
Northern raccoon, Eastern cottontails, red foxes, gray foxes, white-tailed deer, coyote, bobcats,
moles, shrews, mice, birds, bats, and other. From the species selected, they were asked 1) rank
the top three species that they felt are the most common, 2) rank the top three species that they
felt are the most problematic from the species selected in (1), and 3) they were asked to provide
the most common human behaviors that they believe creates problems for homeowners/
landowners with that species as well as the human behavior that creates the most human-wildlife
conflicts. Sixth, I then asked for any additional comments and individuals that NWCO/ACO/WS
may contact if they have any wildlife-related calls that they do not handle. The questionnaire
was pretested by the research team to ensure comprehension and flow of the survey.

Phase 1 Survey Implementation
Phase 1 Survey participants received an email solicitation on November 17, 2020 (Day 1)
indicating the purpose of the survey, how their name and address information was obtained, the
voluntary and anonymous nature of the study, and a link to a secure MSU Qualtrics Survey.
Once participants clicked the link provided in the email, they were asked to read a brief
description of the project, and statement that their continuation to the survey will serve as their
informed consent to be part of this research project. Because this was an anonymous survey, all
participants were sent a follow-up email on December 2, 2020 (Day 15) and January 5, 2020
(Day 35) thanking them for their participation or asking them to complete the study if they had
not done so. The total time commitment for this survey was 15-20 minutes.
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Phase 1 Survey Results
The survey had a response rate of 44%, with 23 of the 50 participants providing useable
responses. There were seven NWCOs, 14 ACOs, and one WS respondents. The years of
experience varied between respondents, but 13.04% of respondents have been working in their
profession for 10 years or less and 86.96% of respondents have been working in their profession
for over 10 years. Fourteen (60.8%) respondents received over 100 phone calls per year while
the other nine (39.2%) received less than 50. On average, respondents indicated that 39.55% of
the calls they received involved domesticated animals, 55.05% of the calls they received
involved wild animals, and 5.41% of the calls they received were not related to wildlife or
domestic animals. A plurality of domesticated animal calls (26.67%) occurred during the month
of May, and March accounted for 20.0% of calls. June and August individually accounted for
13.33%, and April, July, September, and October individually accounted for 6.67% of calls. A
plurality (25%) of wild animal calls occurred during September. January, March, April, May,
June, and July individually accounted for 10.0%, and August, November, and December
individually accounted for 5% of calls related to wildlife.
The most common domestic species that the professionals dealt with were cats and dogs
(Table E.1). The most problematic domestic species were cats, dogs, and horses, respectively.
(Table E.2). The most common wildlife species were identified as Northern raccoon, coyote, and
bats, respectively (Table E.3). The most problematic were identified as Northern raccoon,
coyote, bats, and Eastern gray squirrel, respectively (Table E.4).
The survey identified 6 behaviors that NWCO/ACO/WS believed lead to an increase in
human-wildlife conflict. These behaviors were universal between all species that participants
listed. Leaving trash out the night before pickup rather than the morning of pickup was the
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behavior with the most response. The behaviors included the lack of exclusion measures on the
property, open gardens, leaving food out, free-roaming pets, and bird feeders (Table E.5).

Phase 2 Survey Methods (Residential Property Dwellers within Study Area)
Phase 2 Survey Sampling Frame
Responses to the Phase 1 Survey questionnaire were used to inform the development of a
questionnaire for residential property dwellers (homeowners and renters) around each camera
site within the study area. Residential property dwellers that lived within 321.87 meters of each
camera site polygon constituted the sampling frame for the Phase 2 Survey (N=5,711). Working
addresses of the residential property dwellers within that radius were purchased from Postage
Savers™ in Jackson, MS. Out of 35 sites, only 28 sites had residential addresses within the
321.87-meter buffer.
Phase 2 Survey Questionnaire
The Phase 2 Survey Questionnaire (Appendix F) sought demographic information from
heads of household and asked them to indicate how likely they were to perform various
behaviors identified through the Phase 1 Survey. Prior to completing the questionnaire, I
provided a definition of wildlife so participants would have the same understanding of wildlife
when answering questions: “wildlife is defined as all free ranging wild animals that are not
domesticated livestock or pets”. After reading, participants were asked whether or not
participants performed various behaviors that may attract wildlife to their residence with a
“YES” and “NO” response format. The behaviors included: “Left food outside for stray cats and
dogs”; “Owned a bird feeder”; “Left food out for various types of wildlife (such as squirrels,
ducks, etc.)”; “Called animal control about wildlife-related problems”; “Planted a vegetable
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garden”; “Investigated wildlife-resistant plants for placement on your property”; “ Put trash out
the day before pick-up rather than the morning of pick-up”; “Installed a protective barrier around
your trash (such as wooden box, fencing) to prevent stray animals or wildlife from getting in”;
and “ Installed a privacy fence around your yard”. Next, respondents were asked their level of
agreement toward three attitude statements about wildlife on a 3-point scale with response
format: 1=disagree, 2=neither agree or disagree, and 3=agree. The three attitudinal statements
were: “Most wildlife are unclean and so I try to stay away from them”; “I prefer to see wildlife
on television or in a zoo more than running free near me”, “I tolerate most levels of property
damage by wildlife”; “I tolerate the ordinary risk of wildlife transmitting diseases to humans or
domestic animals”; and “I tolerate most wildlife nuisance problems”. Finally, I sought basic
demographic information from each participant: age in years, sex (male or female), annual
household income by category, highest education level completed, and race.

Phase 2 Survey Implementation
On June 21, 2021 (Day 1), each household was sent an introductory letter addressed to
“Head of Household” via first-class mail indicating the purpose of the survey, how their address
information was obtained, what they will be asked to do, the voluntary and confidential nature of
the study, and that the total time commitment for this survey was 15-20 minutes. The letter also
included a link to the secure Human Dimensions and Conservation Law Enforcement Laboratory
website (https://hdclel.org) where the MSU Qualtrics (2021) survey link was provided, and a
unique identification number to gain access to the survey. As per Dillman (2014), those who did
not respond to the initial request were sent a second and third letter via non-profit mail as
necessary on Day 21 (July 12, 2021) and Day 42 (August 2, 2021), respectively. Returns were
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accepted until Day 90 (September 19, 2021) of the study, at which point identifiers were delinked from survey responses. All survey procedures were approved by the MSU Institutional
Review Board for the Protection of Human Subjects (IRB-20-274).
Phase 2 Survey Results
The survey had a 12.03% overall response rate, with 687 respondents, 352 nondeliverables, 4672 non-respondents, and 7 refusals (Table E6).
A plurality of individuals were over the age of 55 (42.98%); 22.42% of respondents were
55-64, and those 65 to 74 accounted for 22.56% of respondents (Table E.7). There was a slightly
higher percentage of male (51.68%) than female (48.32%) respondents (Table E.8).
A plurality (21.50%) of respondents had an average annual household income of $50,000 to
$74,999 (Table E.9). A plurality (34%) of respondents were college graduates (Table E.10).
A majority (66.91%) of respondents replied that they put trash out the day before pickup
rather than the morning of pickup, owned a bird feeder (60.41%), and installed a privacy fence
around their yard (55.60%). A majority (80.26%) of respondents replied that they did not leave
food out for stray cats and dogs, did not call animal control about wildlife-related problems
(86.30%), investigate wildlife resistant plants for placement on their property (89.23%), or did
mot install protective barriers around their trash (such as wooden box, fencing) to prevent stray
animals or wildlife from getting in (92.72%) (Table E.11). When asked about their behaviors
toward wildlife, a majority (51.09%) of respondents agreed that they tolerate most wildlife
nuisance problems. The majority (50.15%) of respondents disagreed with the statements that
wildlife were unclean so they try to stay away from them and that they prefer to see wildlife in a
zoo rather than running free towards them (70.12%) (Table E.12). This shows that our
respondents have more of a positive attitude toward wildlife.
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Phase 2 Survey Nonresponse Analysis
Out of all the sites in the study area, only 6 sites had enough responses to the Phase 2
Survey to achieve a margin of error of less than 15% on the behavior and attitude statements.
Although the overall margin of error for the Phase 2 Survey was only 3% (Table E.13), I was not
confident using the information from the survey to inform the occupancy models without
checking whether the small number of respondents were reflective of the target population. To
determine that, I compared the sociodemographic responses of respondents to the
sociodemographics of individuals within the Jackson metropolitan area that was provided by the
U.S. Census to determine if my survey responses were reflective of the population of the Jackson
metropolitan area. Comparisons indicate that my survey likely overrepresented males (Table
E.14), older aged individuals (Table E.15), and underrepresented minorities (Table E.16),
individuals with lower income (Table E.17), and individuals with lower education levels (Table
E.18). These apparent differences suggest that my respondents were not representative of the
target population and, including their responses in the occupancy models would provide biased
results. Therefore, information from the Phase 2 Survey were not included in Chapter 1
Occupancy Models.
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Table E.1

Top domestic species ranked most common to least common by respondents

Species

Most common

Second common

Least common

Frequency

Cat

9

4

0

13

Dog

4

8

1

13

Horse

0

1

4

5

Pig

0

0

3

3

Chicken

0

0

3

3

Other: wild hog

0

0

2

2

Table E.2

Top domestic species ranked most problematic to least problematic by respondents

Species

Most problematic

Second
problematic

Least problematic

Frequency

Dog

5

7

0

12

Cat

7

5

0

12

Horse

0

0

5

5

Other: wild hog

0

0

3

3

Pig

0

0

2

2

Chicken

0

0

2

2
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Table E.3

Top wildlife species ranked most common to least common by respondents

Species

Least
common
2

Frequency

Northern raccoon

Most
Second
common common
3
3

Coyote
Bats
Other: wild hog
Striped skunk

2
2
2
0

1
2
0
2

1
0
2
2

4
4
4
4

Virginia opossum
White-tailed deer
Nine-banded armadillo
Eastern gray squirrel
Mice
Birds
Red fox

0
0
1
1
0
0
0

2
2
1
0
0
0
0

0
1
0
1
1
1
1

2
3
2
2
1
1
1

Table E.4

8

Top wildlife species ranked most problematic to least problematic by respondents

Species
Northern raccoon
Coyote
Eastern gray squirrel
Virginia opossum
Bats
Other: wild hog
Nine-banded armadillo
Mice
Striped skunk
Birds
White-tailed deer

Most
problematic
3
2
1
0
2
3
1
1
0
0
0
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Second
problematic
5
0
1
2
1
0
1
0
1
1
0

Least
problematic
4
3
2
1
0
0
0
1
0
0
1

Frequency
12
5
4
3
3
3
2
2
1
1
1

Table E.5

Percentage of human behavior identified by respondents

Behavior

Percentage of respondents who
identified the behavior

Leaving trash out the night before rather than the
morning of pickup

13.00

Lack of exclusion measures on the property

20.00

Open gardens
Leaving food out
Free-roaming pets

17.00
13.00
5.00

Bird feeders
TOTAL

3.00
71.00

Table E.6

Percentage of survey respondents, non-respondents, and non-deliverables

Status
Respondent
Non-respondent

Percentage
12.00
82.00

Non-deliverable
TOTAL

6.00
100.00
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Table E.7

Frequency and percent of respondents by age group category (N=687)

Age Group
18-24
25-34
35-44
45-54
55-64
65-74
>75
TOTAL
nMissing=0
Table E.8

Frequency
42
44
71
124
154
155
97
687

Frequency and percent of respondents by gender (N=687)

Gender
Male
Female
TOTAL
nMissing=31

Table E.9

Percent
6.11
6.40
10.33
18.05
22.42
22.56
14.12
100.00

Frequency
339
317
656

Percent
51.68
48.32
100.00

Frequency and percent of responses to “What is your approximate annual
household income before taxes?” (N=687)

Income Level
< $25,000
$25,000-49,999
$50,000-74,999
$75,000-99,999
$100,000-124,999
$125,000-149,999
$150,000-174,999
> $175,000
TOTAL
nMissing=87

Frequency
32
100
129
91
81
58
35
74
600
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Percent
5.33
16.67
21.50
15.17
13.50
9.67
5.83
12.33
100.00

Table E.10

Frequency and percent of responses to “What is the highest education level you
have attained?” (n=687)

Education Level
Some High School
High School Graduate
Some College
College Graduate
Some Graduate School
Master’s Degree
Doctoral or Professional Degree
TOTAL
nMissing=37

Table E.11

Frequency
8
33
113
221
49
139
87
650

Percent
1.23
5.08
17.38
34.00
7.54
21.38
13.38
100.00

Percent of responses to “While living in your current location, have you: ____?”;
Ranked by the percent of respondents who indicated they performed the behavior
(N=687).

Behavior
Put trash out the day before pickup
rather than the morning of pickup
Owned a bird feeder
Installed a privacy fence around
your yard
Planted a vegetable garden
Left food out for various types of
wildlife
Left food outside for stray cats and
dogs
Called animal control about
wildlife problems
Investigated wildlife resistant
plants for placement on your
property
Installed a protective barrier around
your trash to prevent stray animals
or wildlife from getting in
n missing=N-n for each item.

n
686

Frequency Frequency
YES
NO
459
227

Percent
Yes
66.91

Percent
NO
33.09

687
687

415
382

272
305

60.41
55.60

39.59
44.40

686
687

287
203

399
484

41.84
29.55

58.16
70.45

684

135

549

19.74

80.26

686

94

592

13.70

86.30

687

74

613

10.77

89.23

687

50

637

7.28

92.72
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Table E.12

Frequency and percent of responses to “please indicate the extent to which you
agree or disagree with each of the following statements about wildlife”. Ranked
by mean score. (N=687).

Statement
I tolerate most wildlife nuisance
problems
I tolerate the ordinary risk of wildlife
transmitting diseases to humans or
animals
I tolerate most levels of property
damage by wildlife
Most wildlife are unclean so I try to
stay away from them
I prefer to see wildlife on television or
in a zoo more than running free near
me
n missing=N-n for each item.

n

Neutral
(%)
22.77

Agree
(%)
51.09

Mean

685

Disagree
(%)
26.13

685

29.64

24.09

46.28

2.17

685

31.09

29.93

38.98

2.08

686

50.15

33.24

16.62

1.66

686

70.12

13.85

16.03

1.46

106

2.25

Table E.13
Site
LAP
NTE
CLN
PAG
BRP
CRN
OLS
BOP
FRP
MAN
PAP
PEG1
WOP
MOC
NTW
BGP
BAP
LEN
CON
MAP
GRC
CHS
LGN
LAC2
ALP
WEP
OLC
TOP
LIP
GRN
PAN
MAS
TWR
MON
PEG2
TOTAL

Total number of addresses per sites, the number of responses received per site, and
the margin of error for each site.
Total Deliverable
Addresses
226
311
308
346
273
160
155
158
137
115
194
188
120
57
92
92
334
55
45
296
173
222
81
134
154
211
20
6
0
0
0
0
0
0
0
4663

107

Surveys

Margin of Error

57
58
52
52
41
36
35
31
27
24
26
24
21
12
13
13
13
9
8
9
8
8
7
7
6
6
2
0
0
0
0
0
0
0
0
605

0.11
0.11
0.12
0.13
0.14
0.14
0.15
0.16
0.17
0.18
0.18
0.19
0.19
0.25
0.25
0.25
0.27
0.30
0.31
0.32
0.34
0.34
0.35
0.36
0.39
0.39
0.66
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
0.03

Table E.14

Percentage of respondents by gender compared to 2020 U.S. CENSUS data

Sex

Survey Percentage

CENSUS Percentage

Male

51.68

47.70

Female

48.32

52.30

Table E.15

Percentage of respondents by age compared to 2020 U.S. CENSUS data

Age
18 to 24
25 to 34
35 to 44
45 to 54
55 to 64
65 to 74
75 and over

Table E.16

Survey Percentage
0.76
6.73
10.86
19.11
23.70
23.85
14.98

CENSUS Percentage
12.84
18.35
17.82
15.07
16.51
11.80
7.60

Percentage of respondents by race compared to 2020 U.S. CENSUS data

Race
White
Other (please specify):
Black or African American
Asian
Hispanic, Latino, or Spanish origin
American Indian or Alaska Native

Survey Percentage
83.49
1.71
11.99
0.78
0.93
1.09
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CENSUS Percentage
46.12
1.54
47.75
1.35
2.78
0.21

Table E.17

Percentage of respondents by income compared to CENSUS data

Income
Under $25,000
$25,000 to $49,999
$50,000 to $74,999

Survey Percentage
5.03
16.75
21.61

CENSUS PERCENTAGE
23.50
23.10
19.70

15.08
23.28
18.26

11.00
12.60
10.10

$75,000 to $99,999
$100,000 to $149,999
$150,000 and Above

Table E.18

Percentage of respondents by highest education attained compared to CENSUS
data
Education
Some High School
High School Graduate
Some College
College Graduate

Survey Percentage
1.23
5.08
17.38
34.00
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CENSUS Percentage
12.00
25.50
31.50
19.40

APPENDIX F
HUMAN DIMENSION SURVEY FORMAT
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Q1. For this survey, wildlife is defined as all free ranging wild animals that are not domesticated
livestock or pets. Please keep that in mind as you complete the survey
Q2. While living at your current location, have you:
Behavior

No

Yes

Left food outside for stray cats and dogs?
Owned a bird feeder?
Left food out for various types of wildlife (such as squirrels,
ducks, etc.)?
Called animal control about wildlife-related problems?
Planted a vegetable garden?
Investigated wildlife-resistant plants for placement on your
property?
Put trash out the day before pick-up rather than the morning of
pick-up?
Installed a protective barrier around your trash (such as wooden
box, fencing) to prevent stray animals or wildlife from getting in?
Installed a privacy fence around your yard?

Q3. Please indicate the extent to which you agree or disagree with each of the following
statements about wildlife.
Statement

Disagree

Most wildlife are unclean and so I try to
stay away from them.
I prefer to see wildlife on television or in a
zoo more than running free near me.
I tolerate most levels of property damage by
wildlife.
I tolerate the ordinary risk of wildlife
transmitting diseases to humans or domestic
animals.
I tolerate most wildlife nuisance problems.
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Neither Disagree or
Agree

Agree

Q4. What is your age?
________________________________________________________________

Q5. Are you:
Male
Female

Q6. What is your approximate annual HOUSEHOLD income before taxes? Please select only
one.
Under $25,000
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $124,999
$125,000 to $149,999
$150,000 to $174,999
$175,000 and Above
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Q7. What is the highest education level you have attained? Please select only one.
Some High School
High School Graduate
Some College
College Graduate
Some Graduate Work
Master's Degree
Doctoral or Professional Degree

Q8. Which best describes you? Please select all that apply.
White
Hispanic, Latino, or Spanish origin
Black or African American
Asian
American Indian or Alaska Native
Middle Eastern or North African
Native Hawaiian/ Pacific Islander
Other (please specify): ________________________________________________
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APPENDIX G
NUMBER OF SPECIES DETECTIONS BY SITE
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Table G.1

Number of species detections by site

Camera site

Coyote

Armadillo

Gray fox

Eastern gray
squirrel

Raccoon

Opossum

Whitetailed deer

Red fox

Bobcat

ALP
BAP
BGP
BOP
BRP
CHS
CLN
CON
CRN
FRP
GRC
GRN
LAC2
LAP
LEN
LGN
LIP
MAN
MAP
MAS
MOC
MON
NTE
NTW
OLC
OLS
PAG
PAP
PEG1
PEG2
TOP
TWR
WEP
WOP
TOTAL

0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
7
0
0
0
0
11

0
0
0
0
0
0
0
1
0
0
0
0
0
0
9
1
3
2
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
1
0
1
0
1
0
1
0
0
0
0
1
9

18
30
0
1
18
0
14
4
30
20
16
2
0
4
11
21
16
3
20
0
11
0
9
12
0
1
1
7
0
6
7
0
0
4
286

0
0
0
1
0
0
10
1
0
0
3
0
0
0
0
22
1
12
22
4
5
18
2
6
0
2
5
2
0
0
1
0
0
0
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0
2
0
0
0
1
1
1
0
0
5
0
0
0
2
2
1
5
10
2
0
0
4
5
0
4
0
4
0
5
4
0
1
0
59

0
0
14
6
0
0
5
0
0
0
0
13
7
3
6
0
2
8
0
0
1
0
5
0
4
0
1
6
0
0
2
5
0
13
107

0
0
1
1
1
0
0
2
0
0
0
0
0
0
1
2
0
0
0
1
0
0
0
0
2
21
0
0
4
18
7
0
0
0
61

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
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Eastern
cottontail
rabbit
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5

APPENDIX H
HUMAN DIMENSION SURVEY RESULTS BY SITE
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There were only seven sites that had less than 15% margin of error. Throughout the
seven sites, 65.66% of survey participants put their trash out the day before pickup rather than
the morning of pickup, 63.33% owned a bird feeder, 57.97% installed a privacy fence around
their yards, 43.50% planted a vegetable garden, 29.90% left food out for various types of
wildlife, 19.80% left food outside for stray cats and dogs, 15.45% called animal control about
wildlife-related problems, 10.60% investigated wildlife-resistant plants for placement on their
property, and 6.73% installed a protective barrier around their trash (Table H.1). The only
species that were detection at the seven sites include coyotes, gray foxes, Eastern gray squirrels,
raccoons, opossums, white-tailed deer, and red fox. Coyote only occurred once at one site. The
site had 63.46% of survey participants installed a privacy fence around their yard, 61.54% put
their trash out the day before pickup rather than the morning of pickup and 61.54% owned a bird
feeder. Red fox occurred once at two sites, one similar to coyotes. The site not occupied by
coyotes had 67.24% of participants put trash out the day before pickup rather than the morning
of pickup, and 51.72% owned a bird feeder. Eastern gray squirrel occurred at three different
sites and the majority of detections occurred at a site that had 88.57% of participants put trash
out the day before pickup rather than the morning of pickup, and 68.57% owned a bird feeder.
Raccoon occupied four sites and the majority of detections occurred at the site with 55.77% of
participants plant a vegetable garden. Opossums occurred at three sites and occurred at sites that
had over 50% of participants that owned a bird feeder and put their trash out the night before
pickup rather than the morning of pickup. White-tailed deer occurred at four sites that had over
50% of participants owned a bird feeder. Red foxes occurred at two sites, and the majority
occurred at sites with 68.69% of participants installed a privacy fence around their yard, 67.24%
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put their trash out the day before pickup rather than the morning of pickup, and 51.72% owned a
bird feeder (Table H.2). The behaviors that are similar between the species’ occurrence are
through participants that put trash out the day before pickup rather than the morning of pickup
and owned a bird feeder (For more information, visit Appendix E and F).

Table H.1

Percent response of behaviors at camera sites with less than 15% margin of error
for surveys

Camera
Site
BRP
CLN

1A

1B

1C

1D

1E

1F

1G

1H

1I

25.0
32.7

56.1
75.0

34.2
50.0

24.4
17.3

36.6
55.8

2.44
9.62

73.2
36.5

7.32
3.85

70.7
42.3

CRN

5.71

68.6

31.4

14.3

37.1

22.9

88.6

2.86

68.6

LAP
NTE

19.3
22.4

64.9
51.7

17.5
29.3

7.02
13.8

49.1
34.5

15.8
12.1

75.4
67.2

8.77
5.17

40.4
69.0

OLS

20.0

65.7

25.7

29.4

52.9

11.4

57.1

11.4

51.4

PAG

13.5

61.5

21.2

1.92

38.5

0.00

61.5

7.69

63.5

median
20.0 64.9 29.3 14.3 38.5 11.4 67.2
mean
19.8 63.4 29.9 15.4 43.5 10.6 65.7
*Columns 1A through 1I represent the survey behaviors asked:

7.32
6.73

63.5
58.0

Greenspace
Type
Park
Natural
Area
Natural
Area
Park
Natural
Area
Natural
Area
Golf
Course
---------------------------

1A. Left food outside for stray cats and dogs?
1B. Owned a bird feeder?
1C. Left food out for various types of wildlife (such as squirrels, ducks, etc.)?
1D. Called animal control about wildlife-related problems?
1E. Planted a vegetable garden?
1F. Investigated wildlife-resistant plants for placement on your property?
1G. Put trash out the day before pick-up rather than the morning of pick-up?
1H. Installed a protective barrier around your trash (such as wooden box, fencing) to prevent
stray animals or wildlife from getting in?
1I. Installed a privacy fence around your yard?
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Table H.2

Number of species detected at each camera site that received less than 15% margin
of error for the surveys

Camera
Site

Coyote

Armadillo

Gray
fox

Eastern
gray
squirrel

Raccoon

Opossum

Whitetailed
deer

Red
fox

Bobcat

Eastern
cottontail
rabbit

BRP

0

0

0

18

0

0

0

1

0

0

CLN

0

0

0

14

10

1

5

0

0

0

CRN

0

0

0

30

0

0

0

0

0

0

LAP

0

0

0

4

0

0

3

0

0

0

NTE

0

0

1

9

2

4

5

0

0

0

OLS

0

0

0

1

2

4

0

21

0

0

PAG

1

0

1

1

5

0

1

0

0

0
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